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ADDRESS. 


The  University  of  Minkesota,  I 
Minneapolis,  Dec.  15,  1880.      J 

To  the  President  of  the  University: 

Dbab  Sib, — It  gives  me  pleasure  to  present  herewith  the  Ninth 
Annual  Report  on  the  progress  of  the  Geological  and  Natural 
History  Survey  of  the  State,  as  required  by  the  terms  of  the  law 
creating  the  same.  This  annual  report  has  been  curtailed  by  the 
preparation  of  the  first  volumes  of  the  final  report,  and  some  of 
the  material  which  otherwise  would  find  place  here,  is  more  properly 
reserved  for  incorporation  in  the  final  report. 

Very  respectfully,  your  ol}edient  servant, 

N.  H.  WINCHELL, 
State  Geologist  and  Curator  of  the  General  Museum. 


REPORT. 


1. 

SUMMARY   STATEMENT. 


During  the  year,  since  the  rendering  of  the  last  report,  consid- 
erable time  has  been  spent  in  laboratory,  office  and  museum  work. 
The  crystalline  rocks  gathered  during  two  seasons  of  field  work  in 
the  northern  part  of  the  State,  including  the  Cupriferous  Series, 
the  Huronian,  and  the  light-colored  granites  presumed  to  belong 
to  the  Lauren tiiin,  have  been  provisionally  arranged,  labeled,  regis- 
tered and  prepared  for  final  examination.  About  300  thin  sec- 
tions have  been  made  for  microscopic-  examination,  and  about  one 
hundred,  embracing  the  coast  series  along  the  north  shore  of  Lake 
Superior,  have  been  subjected  to  preliminary  study. 

In  Palaeontology  considerable  progress  hui«  been  m^uie  in  the 
determination  of  the  hrarJi  io])Off a  of  the  Trent(m  imd  Hudson  river 
formations,  resulting  in  the  identification  of- 

Seven  species  of  Llngnhi,  of  which  tw(»  are  supposed  to  be  new; 
one  species  of  Disci  mi;  three  species  of  Crania,  of  which  one  is 
new:  fifteen  species  of  Orthitt,  of  which  eight  are  probably  new; 
three  species  of  Strophoniena,  including  one  new  species,  tmd  three 
of  Hemlpronifes.  Of  these  drawings  have  been  made  preparatory 
to  final  publication. 

In  the  Museum  important  changes  and  improvements  have  been 
made.  The  central  portion  of  the  south  room,  devoted  to  geology 
and  mineralog}'.  lia.<?  been  filled  by  the  construction  of  a  large  up- 
right case  in  which  are  to  be  placed  the  minerals,  rocks  and  fossils 
of  Minnesota,  as  fast  as  they  are  turned  over  for  exhibiton  by  the 
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survey;  and  already  a  fair  representation  of  them  has  been  placed 
on  the  shelves;  and  the  contents  of  all  the  cases  have  been  inven- 
toried. In  the  north  room  additions  have  been  made  to  the  stuffed 
mammals  and  birds,  and  to  the  fishes  and  invertebrates,  from  va- 
rious sources,  and  especially  from  the  United  States  Fish  Commis- 
sion. 

At  the  spring  meeting  of  the  Board  of  Regents  a  communica- 
tion from  the  St.  Paul  Chamber  of  Commerce,  relating  to  the 
building  stones,  clays  and  limes  of  Minnesota,  wjis  referred  to  the 
State  Geologist,  with  instructions  to  specially  investigate  and  re- 
port as  soon  as  possible  on  the  same,  respecting  their  quality,  ex- 
tent and  accessibility.  Such  an  investigation  wa«  at  once  begun, 
and  is  still  going  forward  ;  but  a  preliminary  report  on  the  same, 
answering  immediate  demands,  was  made  to  the  President  of  the 
Board  of  Regents  some  months  ago,  which  by  his  direction  has 
been  printed  as  a  separate  and  special  document.  At  the  same 
time  a  general  circular  was  issued,  addressed  to  builders  and  quar- 
ry-men, calling  attention  to  the  matter,  and  asking  co-operation  in 
procuring  the  necessary  samples  of  rock  for  examination. 

Another  circular  to  oicners  of  Mills  and  unimproved  Water-Pow- 
ers^ was  issued,  intended  to  facilitate  the  collection  of  information 
on  the  hydrology  and  water-powers  of  the  State,  for  the  purpose 
of  fully  presenting  this  important  branch  of  the  internal  resources 
of  Minnesota  in  a  creditable  form,  with  tables  jind  descriptions,  in 
some  part  of  the  final  report. 

At  the  present  time  progress  has  been  made  on  two  volumes  of 
a  final  report,  and  one  of  them  will  be  offered  to  the  Regents  du- 
ring the  present  winter.  Suitable  legislation  should  be  had  con- 
cerning its  publication,  by  the  biennial  session  of  1881. 

In  regard  to  the  field-work  of  the  survey,  this  has  been  prose- 
cuted constantly  during  the  woriring  season  by  Mr.  Warren  Up- 
ham,  who  has  been  engaged  in  the  southwestern  portion  of  the 
State  mainly,  and  has  resulted  in  many  valuable  and  very  interest- 
ing facts  relating  to  the  drift  deposits  and  the  economical  geology 
of  that  part  of  the  State. 

During  the  summer  and  autumn  Mr.  C.  M.  Terry  has  been  en- 
gaged in  an  examination  of  the  "Lake  Region"  in  the  north-cen- 
tral part  of  the  State  with  special  reference  to  the  hydrology  of 
the  same  and  the  distribution  of  forest  trees,  and  later  he  has  been 
engaged  gathering  information  concerning  the  water-powers  of 
the  entire  Stat^.  in  accordance  with  the  circular  already  men- 
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tioned.  During  the  fore-part  of  the  year  he  was  engaged  in  the 
preparation  of  microscopic  thin-sections,  and  on  work  connected 
with  the  Museum. 

Some  supplementary  field-work  has  been  done  by  the  writer  in 
the  southern  part  of  the  State,  with  a  view  to  settle  some  geologi- 
cal doubts  respecting  localities  that  had  already  been  examined ; 
and  at  the  same  time  large  additions  were  made  to  the  collections 
of  fossils  from  the  Hudson  River  and  Trenton  formations. 

Drawings  have  been  made  of  maps  and  fossils  in  the  laboratory 
of  the  survey,  by  Mr.  C.  L.  Herrick,  who  has  also  acted  as  general 
laboratory  and  museum  assistant. 

Thanks  are  due  to  various  individuals  who  have  rendered  aid  in 
carrying  forward  the  field  work,  or  have  presented  specimens  to  the 
museum,  or  have  given  information  desired,  among  whom  it  is  just 
that  the  following  should  be  mentioned:    Mr.  0.  E.  Garrison,  of 
St.  Cloud,  who  has  contributed  various  manuscripts  and  maps  con- 
cerning the  geology  of  Steams  county  and  the  upper  Mississippi; 
Nathan   Butler,  of  Minneapolis,  who   has   given   information  of 
various  interesting  wells  sunk  in  the  northwestern  part  of  the 
State;  C.  E.  Whelpley  and  W.  E.  Swan,  for  information  of  the 
same  character  from  artesian  wells  in  the  state  ;  T.  M.  Young,  for 
written  accounts  of  glacial  formations  and  morainic  deposits  in 
the  upper  portions  of  the  Mississippi  valley;  Dr.  D.  F.  Powell,  B. 
A.   Man,  and  others   of   Lanesboro,   for  relics   and   information 
concerning  the  pre-historic  mounds  lately  opened  near  that  city; 
and  to  the  old  Winnebago  chief  Winnosheik  of  Trempelean,  Wis- 
consin, for  an  interesting  tradition  prevalent  among  the  Winneba- 
goes  concerning  the  mounds  near  Lanesboro;  Mr.  B.  Juni,  of  New 
Ulm,  and  Thomas  S.  Roberts  and  H.  V.  Winchell,  of  Minneapolis 
for  specimens  for  the  zoological  department  of  the  museum;  the 
United  States  Fish  Commission,  per   Prof.  S.  F.  Baird,  for  a  set 
(No.  46)  of  the  Atlantic  coast  and  other  fishes,  and  a  set  (No.  37) 
of  invertebrates,  prepared  by  the  commission;  Henry  Mayhew,  of 
Grand  Marais,  for  specimens  from  the  northern  part  of  the  state. 
The  survey  is  under  obligations  to  the  officers  of  the  following 
'  railroad  companies  for  free  transportation  for  parties  engaged  in 
the  field  work  during  the  year,  viz:   The  St.  Paul,  Minneapolis  & 
Manitoba,  the  St.  Paul  &  Duluth,  the  Northern  Pacific,  the  Minne- 
apolis &  St.  Louis,  the  Winona  &  St.  Peter. 
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II. 

PRELIMINAY  LIST  OF  ROCKS 


The  following  field  and  preliminary  descriptions  of  the  rock 
samples  of  the  crystalline  formations  in  the  northern  part  of  the 
state,  with  their  accompanying  localities^  will  not  only  furnish  a 
running,  brief  commentary  on  the  geology  of  the  country,  and 
show  the  progress  of  the  field  work  there,  but  will  serve  also  as  a 
reference  guide  in  the  future  investigation  of  their  mineral  and 
chemical  characters,  as  well  as  in  the  final  description  of  the  geol- 
ogy of  the  region.  The  descriptions  pertain  mainly  to  the  mac- 
roscopical  characters  of  the  rock,  as  they  appear  in  the  field,  al- 
though most  of  the  crystalline  parts  of  the  Cupriferous  series 
have  also  been  subjected  to  a  preliminiary  microscopic  examina- 
tion by  means  of  polarized  light  in  thin  sections.  In  the  field- 
notes  made  respecting  these  specimens,  are  full  accounts,  with 
sketches,  showing  their  geological  relationships,  w^ich  are  intend- 
ed for  the  final  report  on  that  part  of  the  State,  when  the  field- 
work  shall  have  been  completed. 

The  specimens  here  described  have  been  permanently  numbered 
with  a  brush,' with  blue  shellac  and  alcohol,  to  distinguish  them  from 
the  serial  numbers  of  the  University  Museum,  which  are  in  red 
shellac  and  alcohol  ;  and  as  they  will  always  remain  at  the  Uni- 
versity for  study  and  comparison,  their  value  will  be  greatly  en- 
hanced if  they  receive  only  this  incomplete  serial  description.  To 
this  list  will  be  added  other  numbers,  as  the  work  progresses,  and 
finally  a  set  representing  the  typical  rocks  will  be  chosen  for 
•exchange  with  other  museums. 

The  rock  samples  here  numbered  and  described  were  collected 
in  the  field  by  the  writer,  in  1878,  though  sometimes  accompanied 
and  aided  by  other  members  of  the  survey  The  collec- 
tions of  Messrs  Hall  and  Upham,  of  the  crystalline  rocks  of  the 
State,  have  not  been  tabulated  nor  examined  sufficiently  for  re- 
port. 
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From  Duluih  to  Pigeon  River. 

1.  NwJ  sec.  34,  near  Duluth,  "Rice  Point  Granite"  and  its  varia- 
tions: gray,  hard,  appearing  like  massive  labradorite,  but  also  con- 
tains magnetite  and  augite,  as  essentials,  with  accidental  quanti- 
ties of  epidote  and  a  chloritic  mineral  that  probably  results  from 
change. 

1.  A.  From  the  same  rock,  but  further  N.  E.,  being  from  the 
hill  in  the  suburbs  of  Duluth,  (intersection  of  5th  Avenue  E.  and 
7th  Street),  taken  because  of  a  change  there  introduced  in  the 
formation. 

1.  B.  Red  rock,  associated  with  No.  1,  Duluth,  consists  es- 
sentally  of  orthoclase,  hornblende  and  quartz. 

1.  C.  Magnetited  condition  of  No.  1,  from  the  iron  mine, 
Duluth. 

1.  D.  Globular-weathering  masses,  appearing  like  a  conglom- 
erate, from  No.  1,  at  a  point  about  half  way  between  the  depot  and 
Newson's  qifarry,  Duluth. 

1.  E.     Nodule  from  1  D.,  same  as  No.  I. 

2.  A  finer-grained  rock,  of  the  same  general  character  as  No. 
1  A.,  and  running  in  the  form  of  a  dyke,  N.  30  ®  W.  and  separat- 
ing No.  1  A.  from  No.  3. 

3.  Compact,  brown,  or  brownish  red,  heavy,  with  spots  and 
specks  of  dark  green.  This  spreads  wider  and  is  to  be  seen  at 
other  points  back  of  Duluth,  yet  appears  rather  to  be  in  patches, 
or  in  veins  in  other  rock.  At  Newson's  quarry  a  siq;^ilar  red  rock 
penetrates  the  gray  rock  in  seams,  and  occupies  a  larger  area  in  the 
lower  part  of  the  quarry.* 

4.  A  light  colored,  weathered,  fine-grained  rock,  having  specks 
of  green  and  red,  a  cementing  material  for  rounded  masses  of  No. 
1,  showing  sometimes  a  stratification  dipping  S.  E.  at  an  angle  of 
perhaps  10  degrees:  near  the  depot.  This  rock  where  stratified, 
and  nearly  free  from  masses  of  No.  1 ,  has  been  quarried  for  rough 
walls. 

4.  A.  Rock  like  No.  4,  but  coarser  and  more  crystalline,  that 
weathers  out,  in  rounded  masses,  as  if  a  conglomerate,  from  No.  4. 

5.  Occurs  at  the  St.  Paul  &  Duluth  depot,  about  20  rods  from 
No.  4  A.  It  is  a  coarser  form  of  No.  1,  with  more  magnenite,  and 
occasional  grains  of  quartz,  and  some  that  in  thin  section  seem  to 

*See  the  Annual  Report  for  1879,  and  the  Proceedings  of  the  American  Association  for 
the  Advancement  of  Science  tor  1880  for  a  discussion  of  the  relations  of  these  rocks. 
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be  orthoclase.  This  rock  probably  resulted  from  the  complete  fu- 
sion of  the  sedimentary  beds  and  this  mixture  with  the  molten 
rock  passing  over  and  through  them,  as  it  contains  some  of  the 
ingredients  of  both. 

6.  Dark  green,  heavy,  homogeneous  rock,  coarsely  crystalline,. 
near  the  Bay  in  front  of  the  Clark  House,  Duluth  ;  immediately 
adjoining  No.  43,  and  apparantly  overlain  by  it ;  a  wide  dyke : 
west  of  Minnesota  Point.  Coarsely  crystalline;  consists  essentially 
of  a  triclinic  feldspar,  augite,  magnetite  and  chlorite  (or  viridite). 

6.  A.  A  dark-green  rock  finer  in  texture  than  No.  6.  An  ex- 
tensive outcrop  occurs  beside  the  R.  R.  at  Duluth,  probable  equiva- 
lent of  43. 

6.  B.     Almost  identical  with  6  A,  Duluth. 

6.  C.  Fine,  dark-green  rock,  quite  amygdaloidal  and  porphyr- 
itic,  Duluth,  foot  of  Lake  avenue.  The  amygdules  are  probably 
a&eolitic,  appearing  radiated  like  laumontite.  The  red  spots  are 
stained  by  ferrite,  and  seem  to  be  in  the  form  of  imperfect  felsite. 

7.  Brownish-red  rock,  fine-grained,  allied  to  the  **red  granite"  of 
No.  1  B,  and  No.  3  ;  belongs  to  the  metamorphic  series.  Between 
2d  and  3d,  Avenues,  close  to  the  water;  underlies  immediately  No. 
7  A:  probably  equivalent  to  No.  42,  dip  E.  18  ® . 

7.  A.  Nearly  black,  amygdaloidal,  metamorphic,  a  short  dis- 
tance from  No.  7;  has  green  mineral  in  cavities. 

7.  B.  Brown,  porous  rock,  filled  with  concretions  and  amyg- 
dules ;  wrought  in  the  alley  between  1st  and  Superior  streets,  and 
4th  and  5th  avenues.  East. 

7.  C.  Coarse  and  dark-colored,  separated  from  7  A,  by  a  joint ; 
a  dyke ;  equivalent  of  No.  47;  roughly  in  line  of  bearing  with  No. 
6. 

7.  BC.     Contact  rock  between  7  B  and  7  C. 

7.  D.  From  the  dyke  running  toward  Minnesota  point;  fine- 
grained; 6  ft.  wide:  has  been  reduced  by  quarrying. 

8.  Dark-colored,  fine-grained,  ground-mass  carrying  indistinct 
feldspar  crystals  porphyritically  ;  separated  near  the  wall  of  eon- 
tact  of  No.  6. 

8  A.  Inclusion  in  No.  8;  very  fine-grained,  gray  rock:  in  thin 
section  shows  very  fine  crystals  of  a  red  feldspar,  probably  ortho- 
clase, like  the  red  feldspar  in  8  B  and  8  C;  but  mainly  an  amor- 
phous felsitic  mass  with  many  inclusions. 
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8  B.  Shows  the  flesh-red  color  of  the  feldspar  crystals,  which 
have  the  outward  character  of  orthoclase,  the  groundmass  being 
made  up  of  changed  feldspar,  magnetite,  haematite,  chlorite  and 
other  minute  grains;  plainly  a  rock  resulting  from  metamorphism 
of  sedimentary  beds. 

8  C.  Prom  a  dike  in  No.  8,  or  what  has  the  aspect  of  a 
dike,  but  having  the  characters  of  No.  8,  both  apparent  and  micro- 
scopic. 

9.  Amygdaloidal,  porphyritic,  metamorphic. 

10.  Reddish  amygdaloid,  but  has  cavities  lined  with  green 
crystals  like  epidote,  lies  over  No.  11. 

11.  Finely  porphyritic  and  amygdaloidal;  dark  green,  with 
flesh-red  feldspar  crystals;  east  of  the  elevator. 

11  A.  From  a  vein  running  in  11;  nearly  epidotic;  but  some- 
times also  with  a  little  quartz. 

(No.  11  is  mainly  a  massive  homogeneous  rock,  but  in  som 
places  finely  jointed,  so  that  under  the  weather  it  parts  into 
numerous  angular  blocks.  In  it  are  veins  (near  its  eastern  ex- 
tension) that  seem  to  cause  a  greater  abundance  of  the  red  feld- 
spar crystals  in  the  mass  of  rock  adjoining  on  either  side;  and  also 
in  the  veins  themselves  are  sometimes,  besides  the  green  rock  ma- 
terial, a  white  quartz,  and  a  red  quartzyte  or  jasper  that  has  some- 
what the  appearance  of  the  red  feldspai*  crystals.) 

11  B.  From  No.  11.  Taken  from  a  geodic  cluster  of  various 
minerals  mainly  laumontite.  This  cluster  is  14  feet  long  jind  7 
broad.  There  are  others  larger.  No.  11  extends  along  the  shore 
about  800  feet. 

12.  Finely  jointed,  amygdaloidal,  red,  metamorphic  shale,  con- 
taining various  minerals  in  nodules  and  lining  cavities,  extending 
49  paces  along  the  shore,  east  of  No.  11. 

12  A.     White  nodule  from  No.  12. 

13.  Semi-crystalline,  hardened  red  shale,  with  a  feldspathic 
base,  breaking  conchoidally.  On  weathering  it  shows  a  laminated 
or  slaty  structure  dipping  E.  15"^.  In  other  places  it  is  a  lumpy 
amygdaloid  with  epidotic  spots  and  veinings;  54  paces. 

13  A.  A  more  homogeneous  layer  of  No.  13  overlying  13.  It 
is  slightly  amygdaloidal  and  porphyritic:  has  a  brown  color  and 
close  tough  texture. 

13  B.  Is  a  still  more  aluminous  layer  of  No.  13;  has  a  fragile 
almost  fissile  structure,  and  a  green  color.     It  is  also  amygdaloidal. 

14.  A  dyke,  breaking  through  No.  13,  running  W,  10®  N. 
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15.  From  a  dyke  15  feet  wide,  running  N.  25®  W.  accompanied 
by  some  fine  pyrite  and  some  calcite. 

15  A.     From  the  west  side  of  this  dyke. 

16.  Modification  of  13  and  13  A,  extending,  (next  east  of  the 
brewery)  125  feet. 

17.  Metamorphosed  brown  sandrock,  having  a  dip  43®  E;  slaty 
when  weathered;  extends  20  feet. 

18.  Firm,  rusty-green  rock,  finely  amygdaloidal  and  compact, 
in  places  appearing  massive  or  with  remote  joints,  and  in  others 
being  weathered  so  as  to  crumble  coarsely  like  a  hardened  lamin- 
ated shale  ;  over  this  comes  down  a  little  creek,  extends  nearly  in- 
to the  bite  of  the  next  little  bay,  perhaps  300  feet,  and  before  it  is 
discontinued  it  becomes  more  broken  and  amygdaloidal,  the  change 
coming  on  imperceptibly.     The  dip  at  the  last  is  26  ®  E. 

18.  A.  From  laminatonis  of  light-green  mineral  in  No.  18, 
embracing  calcite  and  a  waxy,  honey-yellow,  garnet.  In  the  cal- 
cite are  needles  of  apatite  and  in  the  garnet  is  actinolite. 

19.  Rock  similar  to  No.  13  A.,  fine-grained,  light,  reddish- 
brown  rock,  compact,  scare  ely  amygdaloidal,  weathering  out  in 
small,  angular,  blocks,  as  if  it  had  been  a  shale.  It  has  scattered 
green,  amygdules  and  some  red  feldspar  crystals.  This  suddenly 
replaces  No.  18  on  the  east  and  extends  about  200  feet. 

19.  A.  From  a  large  concretion  of  green  mineral  and  calcite 
in  No.  19. 

20.  A  tougher  condition  of  No.  19;  harsh,  porous  and  fimyg- 
daloidal.  Embraces  angular  masses  of  No.  21 ,  and  extends  about 
40  feet. 

20.  A.     Fine,  shaly  mass,  embraced  in  No.  20. 

21.  Laminated,  fine-grained,  jointed,  metamorphic  shale,  ex- 
tends perhaps  15  feet,  overlying  No.  20. 

22.  A  fine,  green  amygdaloid,  very  much  like  No.  18,  overlying 
No.  21.  This  extends  to  the  prominent  dyke  that  rises  about  12  ft. 
perpendicularly  from  the  lake  water,  forming  a  small  promontory 
— perhaps  300  feet.  In  this  are  crumbling  spots  of  green  rock 
containing  hard  lumps  that  are  more  silicious  and  crystalline. 
These  lumps  sometimes  embrace  chert,  or  light  jasper,  garnet  and 
calcite. 

23.  Is  from  the  dyke  above  mentioned;  fine  doleryte,  basaltic, 
15  feet  wide,  and  has  a  direction  N.  S. 

24.  Reddish-brown  sandrock,  metamorphosed,  but  having  thin 
laminations  of  green.  It  is  also  coarser  than  No.  17,  dip.  E.  35.®  — 
40  ® .     Extends  50  feet. 
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25.  Fragile,  green  amygdaloid,  weathering  and  rusting  to  a 
brownish-red:  seen  about  twenty  feet  to  the  east  of  No.  24,  extend- 
ing 100  feet.  Then  comes  a  rocky  point  near  the  fishery,  which 
is — 

26.  Somewhat  porphyritic,  with  flesh-red  feldspar  crystals,  fine- 
grained, compact,  weathering  green^  haying  seams  of  white  quartz 
running  at  angles  with  each  other. 

27.  From  a  dyke  in  No.  26  which  exhibits  a  curious  change  of 
direction.  It  leaves  the  lake  in  a  direction  E.  and  W.,  but  on  as- 
cending the  rocky  bluff  it  immediately  changes  to  W.  15  ®  S.  It 
runs  so  about  eight  feet  and  shifts  again  to  nearly  W.  The  rock 
on  the  east  side  of  the  dyke  is  the  same  as  No.  26,  and  extends  to 
the  point  on  which  is  a  fishery.     This  is  number 

28.  Heavy  bedded,  bluish-gray,  becoming  brownish,  compact, 
fine-grained,  very  firm,  much  like  the  rock  of  No.  27,  extending 
with  evident  bedded  dip  about  300  feet,  passing  under  No.  29. 

29.  Crumbling,  light-brown  rock,  containing  much  of  the 
green  mineral  so  common  in  these  beds,  in  the  veinings  and  inter- 
laminations.  Its  upper  portion  is  of  a  light-green  color;  a  meta- 
morphic  shale,  about  5  feet  thick,  dip  10  •  E. 

30.  Red  or  brown,  metamorphic  shale  or  sandstone,  dipping 
12^®  N.  30^  E.:  varying  from  a  brownish  siliceous  sandrock  to  one 
that  is  greenish  and  aluminous;  unconformable  bedding  in  this  rock, 
probably  shows  different  epochs  separated  by  igneous  outflow  in 
other  places;  one  part  dips  but  little  and  the  other  dips  E.  30® 
S.,  and  in  amount  about  15  or  20  degrees.  Extends  400  feet  to 
Mailman's  dyke. 

31.  Fine  doleryte,  from  Mailman's  dyke. 

32.  Hard,  black,  much  like  the  rock  of  No.  31,  but  passes  up- 
wardly but  few  feet  (3  or  4),  gradually  losing  its  firm  and  hard  na- 
ture, as  well  SIS  its  color,  and  becoming  in  the  bluff  (which  is  25 
feet  high)  reddish  brown,  and  breaking  into  angular  blocks  of  a 
few  inches  under  the  action  of  the  weather;  taken  near  the  water 
on  the  east  side  of  a  fault. 

32.  A.  Taken  from  32,  near  the  top  of  of  the  bluff,  a  weathered 
modification  of  No.  32. 

32.  B.     From  green  seams  in  No.  32. 

33.  About  60  feet  east  of  No.  32  is  another  fault,  and  this 
number  is  from  the  amygdaloid  on  the  east  of  this  fault  near  the 
lake  level;  massive  and  roughly  concretionary. 
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33  A.  No.  33  is  less  amygdaloidal,  more  dense  and  iirm  in  the 
upper  part,  with  patches  of  fragile,  closely  jointed  rock,  like  an 
indurated  shale,  from  which  this  is  taken. 

33.  B.  Taken  from  the  stratigraphical  equivalent,  in  the  exten- 
sion  of  No.  33  A,  showing  a  changed  condition,  but  one  which  is 
gradual  in  the  nature  of  the  metamorphism,  dip  remaining  easterly 
13®— extent  30  feet. 

34.  Overlies  No.  33  B,  and  is  about  15  ft.  thick,  the  two  pass- 
ing gradually  into  each  other  accross  the  bedding.  This  is  a  beau- 
tifully specked  and  spotted  amygdaloid,  some  of  the  concretions 
being  white,  {j^  to  1  in.  across),  some  red  (J  to  J  in.)  some  green 
(J  in.)  and  some  with  a  red  center  enclosed  in  a  green  coating. 

34.  A.     Concretions  from  34. 

35.  Is  about  12  ft.  thick,  a  hard  reddish,  imperfect  amygdaloid, 
with  numerous  natural  seams,  which  serve  as  joints  and  cause  it 
to  part  under  the  hammer  in  small  pieces  without  showing  a  fresh 
fracture,  just  west  of  the  mouth  of  Kin-i-chi-garquag  creek  (or 
Chester  creek,  as  it  is  generally  named  now). 

36.  Like  No.  18,  is  a  hard  gray,  or  brownish-gray,  fine-grained, 
tough  rock,  very  much  like  some  igneous  rock  ;  yet  its  extent,  dip 
and  position  mark  it  a  sedimentary  rock,  though  it  shows  no  sedi- 
mentary bedding:  at  the  mouth  of  Kinichigaquag  creek,  on  the 
west  side. 

36.  A.  Amygdaloidal  porous  condition  of  No.  36,  having  an 
abundant  green  material,  from  the  upper  portion  of  the  bluflf  im- 
mediately west  of  the  creek.  This  porous  condition  occurs  in  lay- 
ers or  belts  in  No.  36. 

37.  liock  immediately  east  of  the  creek,  standing  up  like  a 
dyke,  compact,  fine,  basaltiform  with  some  large  geodic  concre- 
tions ;  continuing  E.  to  a  real  dyke  18  feet  wide  ;  pyritiferous,  ex- 
tending about  4  rods. 

37.  A.     Calcite  from  a  concretion  in  No.  87. 

38.  From  the  large  dyke,  18  feet  wide,  running  N.  and  S ; 
greenish-black,  finely  crystalline:  hangs  to  the  E.  10®.  The  rock 
to  the  west  of  this  dyke  has  assumed  the  character  of  a  dyke-rock, 
very  much;  but  this  is  not  the  case  on  the  east  side. 

39.  Rock  next  ejist  of  the  above  dyke;  a  breccia,  with  pyrites: 
extent  35  ft.  dip  E. 

40.  Hard  firm  beds  next  east;  like  the  dyke-like  beds  on  the 
west  of  the  dyke;  having  at  first  a  general  dip  E.,  but  showing  no 
regularity  of  dip;  having  rather  contorted  and  confused  bedding  as 
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if  the  layers  of  the  sedimentary  strata  had  been  plastic  and  molded 
on  themselves.  These  characters  on  the  face  of  the  rock  are 
brought  out  particularly  on  the  smoothed  and  glaciated  surfaces. 
Sometimes  there  appears  also  a  rude  concretiouary  structure  per- 
vating  the  mass.  The  layers  of  contorted  bedding  are  thin,  or 
about  ^  to  1  in.  thick,  and  are  sometimes  perpendicular  and  trans- 
verse, and  sometimes  project  irregularly  above  each  other  as  they 
are  hard  or  soft.  On  freshly  broken  surfaces  this  contorted  bed- 
ding is  evinced  by  bands  of  different  color,  some  of  them  being 
greenish,  and  some  brown,  and  some  nearly  black:  but  yet  the 
whole  is  fine-grained,  compact,  and  of  a  dark  gray  color,  or  bluish- 
gray  color.  This  changes  in  its  passage  across  a  little  bay,  and  be- 
comes like  No.  35,  when  it  is  suddenly  replaced  by  number 

41.  A  heavy-dark,  green,  or  grayish-green,  basal tiform  rock ; 
crystalline,  neither  porphyritic  nor  amygdaloidal,  nor  showing  se- 
dimentary structure.  The  columns  tip  about  ten  degrees  from 
perpendicular  toward  the  N.  E. ;  varies  from  a  texture  like  that  of 
No.  7  C.  to  a  finer  grain,  much  like  43  ;  an  igneous  overflow  ;  ad- 
joins No.  50  on  the  E. 

42.  Reddish-brown,  met  amorphic  rock,  rising  above  the  clay 
like  a  ''sheeps'  back,''  four  blocks  north  of  the  depot  at  Duluth; 
imperfectly  porphyritic  with  fine  crystals  of  flesh-red  feldspar, 
and  of  a  dark  green  mineral;  probably  the  same  as  No.  7.  There 
is  a  succession  of  such  exposures  on  the  hillslope  running  through 
Duluth  northeastwardly. 

42.  A.     A  concretion  from  No.  42. 

43.  Compact,  bluish,  firm  beds  in  outcrop  on  the  hillslope 
back  from  the  base  of  Minnesota  Point,  in  front  of  the  engine 
house.  Width  and  form  of  this  rock  cannot  be  made  out.  Fine- 
ly porphyritic  with  red  feldspar  in  some  places  and  is  coarsely 
jointed.  Apparently  has  a  dip  E.  30  ®  N.  Surface  rounded  over 
by  glaciation;  the  equivalent  of  6  A. 

43.  A.     Porphyritic  portion  of  43. 

44.  From  top  of  the  hill  at  the  head  of  1st  Avenue  E.,  very 
fine-grained,  black,  like  diabase. 

44.  *  Hard,  compact,  fine-grained,  from  top  of  Kinichigaquag 
Falls;  the  extension  of  No.  43. 

45.  From  a  ravine,  between  No.  44  and  No.  1  B,  on  the  hill; 
brownish-red,  fine-grained  rock;   a  form  of  No.  3  and  1  B. 

45.  ^  Foot  of  Chester  Creek  Falls,  similar  to  No.  44  ^  but  having 
a  little  scattered  mottling  of  red,  as  of  feldspar. 
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46.  Sedimentary  rock  metamorphosed  to  red  porphyry;  from 
Brewery  Creek,  Duluth. 

46.  ^  From  the  Weller  farm  road,  back  of  Duluth,  south  side 
of  the  hill,  showing  the  contact  between  the  "red  granite"  of  No. 
1  B.,  of  the  metamorphic  series,  and  No.  1  of  the  igneous  rocks. 

47.  From  an  outcrop  of  No.  7  C,  on  Superior  st. 

48.  From  2nd  st.,  cor.  4th  Av.  E.,  close-grained  and  firm,  hard, 
bluish-gray  to  black,  heavy,  not  visibly  amygdaloidal,  but  finely 
porphyritic.  This  runs  from  in  front  of  C.  MarkelFs  house,  where 
it  can  be  seen  in  outcrop,  under  the  Hayes  block.  It  is  a  large 
member,  at  least  150  feet  thick,  and  falls  in  the  unseen  interval 
between  Nos.  7  and  6  C. 

49.  Igneous  rock,  which  seems  to  consist  principally  of  Labru- 
dorite,  augite  and  magnetite,  with  chlorite  and  ferrite  as  products 
of  change;  from  behind  the  M.  E.  Church,  between  2nd  and  3rd 
streets,  and  3rd  and  4th  avenues  west.  Hand  to  hand  samples 
show  no  outward  diflFerence  between  this  and  No.  7  C,  but  there 
seems  to  be  no  way  to  stratigraghically  correlate,  or  unite  them, 
since  7  C  cannot  be  a  stratum  running  to  No.  49,  as  it  would  go 
above  Nos.  7  and  43,  and  others.  Yet  49  appears  to  dip  to  No.  6, 
which  is  roughly  in  line  with  No.  7  C,  though  too  far  north. 

50.  Next  east  of  the  igneous  rock  of  No.  41 ;  an  amygdaloidal 
breccia,  with  cavities,  having  in  the  main  a  reddish-brown  color, 
but  associated  also  with  much  green.  This  at  first  is  so  broken, 
and  even  columnar  in  some  spots,  with  fine  basaltiform  columns, 
that  it  shows  no  dip,  but  further  on,  and  just  before  reaching  the 
next  point,  it  has  a  marked  dip  E.  10^  south,  in  amount  about  18 
degrees;  extent  about  150  feet. 

51.  From  a  point  the  next  one  beyond  the  breccia  of  No.  50;  a 
brownish  rock,  resembling  No.  7,  much  firmer  than  No.  50,  and 
lies  directly  over  it:  disintegrates  in  small,  angular  pieces,  accord- 
ing to  innumerable  weather-joints.  Sometimes  rises  12  feet  per- 
pendicularly from  the  water;  extent  about  200  feet. 

52.  Is  produced  by  a  gradual  transition  from  No.  51,  which  it 
overlies;  of  three  heavy  beds,  the  lower  hermetically  united  to  No. 
51,  and  passing  into  it.  This  is  fine-grained,  almost  black,  heavy 
and  firm.  This  number  has  an  interesting  aspect.  Each  bed  is 
finely  and  closely  basaltiform,  the  basaltic  columns  being  rather 
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layers  running  W.  10®  N.,  and  E.  10®  S.,  from  an  inch  to  two 
inches  in  thickness,  in  a  positon  perpendicular  to  the  bedding. 
They  were  doubtless  produced  by  the  baking  eflfect  of  the  next 
which  comes  on  suddenly  and  in  a  position  to  immediately  overlie 
52. 

53.  Coarsely  crystalline  igneous  rock,  resembling  Nos.  6  and  7 
C;  basaltiform;  an  overflow,  or  intercalated  bed  in  the  sedimentary 
rock:  overlies  No.  52. 

53.  A.  Decomposed  rock  of  No.  52,  of  a  dark  green  color 
and  velvety  feel;  mainly  chloritic;  sometimes  lining  cavities  or 
coating  joints;  has  an  imperfect  fracture  like  that  across  botryoid- 
al  haematite;  hardness  2  or  2.5. 

53.  B.  A  part  of  No.  53,  containing  some  flesh-red  crystals, 
making  it  resemble  No.  5;  from  the  longest  rocky  point;  N.  W. 
i  Sec.  24,  T.  50,  R.  14. 

54.  From  a  small  dyke  3J  feet  wide,  associated  with 
others  about  40  rods  E.  of  53  B.,  cutting  No.  53  in  a  direction  N. 
5®E.  Some  of  these  dykes  are  narrower,  and  change  their  direc- 
tion, and  sometimes  ''pinch  out"  entirely.  Where  these  dykes 
cut  53  it  has  so  much  of  the  flesh-red  mineral  that  its  prevailing 
color  is  brownish-red,  and  has  been  wrought  for  constructing  the 
break-water  at  Duluth.  In  the  bite  of  another  bay  near  E.  Du- 
luth,  S.  E.  J,  Sec.  13,  is  another  finely  basaltic  narrow  dyke,  4  feet 
wide,  running  across  No.  53,  the  columns  of  basaltic  structure  run- 
ning directly  across  from  side  to  side,  perpendicularly  to  the  walls. 
No.  53  has  here  a  strong  resemblance  to  No.  5,  and  runs  under 

55.  Which  is  from  a  sedimentary  member  of  the  series  broken, 
ciated  and  baked,  dipping  N.  60®  E,  in  the  bite  of  a  little  bay  at 
E.  Duluth,  continuing  ^  mile  (by  the  coast),  becoming  more  bro- 
ken, and  slightly  simygdaloidaL  at  the  last,  till  the  appearance  of 
another  bed  of  igneous  rock.  No.  55  is  reddish,  angularly  and 
finely  jointed,  sometimes  a  jaspery  rock. 

55  A.     Small  concretions  or  cavities  lined  with  quartz  in  No.  55. 

56.  Ferrugnious,  brecoiated,  fine-grained,  siliceous,  fragile,  al- 
most fissile;  a  condition  of  No.  55. 

57.  Dark  and  heavy  rock  from  a  dyke,  cutting  No.  56;  dyke  4 
ft.  wide,  running  N.  5®  E. 

57  A.  From  another  dyke  like  No.  57,  but  ten  feet  wide,  a  few 
feet  further  E.;  consistsng  of  a  lump  of  calcite  associated  with  a 
green  mineral  which  is  probably  some  form  of  chlorite,  or  deles- 
site,  resembling  the  green  mineral  of  No.  58  A,  result  of  change 
from  pyroxene  or  hornblende. 
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58.  The  red  rock  (No.  65)  continues  with  slight  changes,  rising 
perpendicularly,  sometimes  25  feet  high,  to  and  beyond  the  creek 
somewhat  larger  than  Chester  creek,  and  about  80  rods  east  of 
Tisher's  farm  house,  where  No.  58  appears  a  little  west  of  the  town 
line  between  ranges  13  and  14  on  the  lake  shore.  This  is  a  com- 
pact brownish-red  rock  with  crystals  of  flesh-red  feldspar,  15  rods. 
At  Tisher's  creek  the  beds  are  conglomeritic,  standing  vertical,  the 
adjoining  portions  being  slightly  granitized. 

59.  An  amygdaloid  similar  to  No.  34;  small  outcrop  in  the 
shingle  of  the  beach,  having  an  apparent  dip  W. 

60.  Reddish-brown,  finely  crystalline,  frequently  jointed,  hard- 
ly amydaloidal  or  porphyritic;  from  a  little  rocky  point  rising  from 
the  water,  abreast  of  No.  59,  with  a  straggling  line  of  strike,  and 
a  sharp  firm  outline  that  runs  nearly  north  inshore,  having  an  ap- 
parent dip  N.  From  this  point  as  the  rock  composing  it  bears  in- 
land, the  shore  becomes  continuously  rocky  and  high  round  the 
bay  immediately  west  of  London.  Further  east  this  rock  becomes 
amygdaloidal  in  patches,  and  coarsely  concretionary,  and  finally 
wholly  amygdaloidal  largely  with  white  calcite.  This  rock  further 
east  where  more  finely  broken  furnishes 

60  A.  Dog-tooth  crystals  of  calcite  which  occur  in  a  finely 
jointed  or  brecciated  condition  of  60  which  occurs  suddenly,  like  a 
dyke,  extending  up  and  down  across  the  face  of  the  bluff.  This 
breccia  is  about  twenty  feet  wide,  and  the  characters  of  60  return 
on  the  east  of  it. 

60  B.     Amygdaloid  just  west  of  the  breccia  containing  60  A. 

61.  Numbers  60  and  60  B  continue  to  within  six  rods  of  where 
the  bluff  in  an  angular  massive  projection  overhangs  the  water, 
where  a  change  occurs,  showing  a  dip  in  definite  characters.  This 
dipping  rock  is  harsh,  granular,  resembling  a  grit,  thinly  bedded, 
grayish,  weathering  reddish;  similar  to  No.  30;  dip  24®  N.  60®  E; 
two  feet  thick  in  one  lot  of  thin  beds;  metamorphic. 

62.  Returns  after  No.  61;  like  No.  60,  but  bedded  like  No.  61; 
metamorphic. 

63.  Overhanging  rock,  which  toward  the  east  becomes 
brecciated;  a  fine  purplish  amygdaloid;  metamorphic;  overlain  by 

64.  A  pyritiferous,  green  rock,  in  a  heavy  bed  three  feet  thick, 
which  also  shows  calcite  and  fluor,  and  overlies 

65.  Containing  large  calcite  nodules,  with  chalcopyrite;  evenly 
bedded;  many  jointed,  brownish-red,  forming  blufife  of  18-20  feet. 

64.  A.     Calcite,  fluorite,  and  bornite,  from  No.  64. 

65.  A.     Calcite,  &c.,  from  No.  65. 
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66.  A  fine  amygdaloid;  a  modification  of,  though  probablj 
overlying  No.  65. 

67.  Confused,  half-baked,  pudding-stone-like  rock,  forming  the 
point  next  west  of  the  larger  creek  that  comes  through  London; 
rather  firm  and  of  a  reddish-brown  color;  amygdaloidal  mainly; 
appearing  as  if  a  siliceous  rock  in  masses  had  been  embraced  in  it,  and 
metamorphosed  with  it;  also  has  lumps  of  shale;  some  of  these 
weather  dark-green  and  some  purplish  red,  or  a  "fawn  color,"  and 
some  a  spotted,  dirty,  light  yellow;  in  it  also  are  nests  of  calcite 
accompanied  by  fluorite.  Across  the  point  runs  what  has  the  form 
and  manner  of  a  dyke,  6  feet  wide,  and  the  above  characters,  par- 
ticularly the  calcite-fluor  nests  are  found  in  it.  This  dyke  is  of 
the  darker  colors  and  runs  N.  50®  W,  and  is  amygdaloid  itself, 
as  if  of  a  different  age  from  the  others.  It  is  perpendicularly 
bedded,  the  beds  running  in  the  direction  of  the  dyke,  but  is  less 
durable  than  the  rock  through  which  it  passes.  No.  67  continues 
for  35  or  40  rods,  and  is  subjected  to  great  upheaval  and  flexure. 

67.  A.  Lump  of  calcite  and  fluor  from  the  dyke  (?)  just  de- 
scribed. 

68.  A  modified  condition  of  No.  67  where  it  has  been  upheaved 
and  flexed;  thin-bedded,  red  or  pinkish,  hard,  with  their  inter- 
laminations  of  a  translucent  mineral  like  that  in  Nos.  129  and  140. 
From  near  London.  This  translucent  mineral  seems  to  be 
adularia. 

69.  Harsh,  rather  fine-grained,  crystalline  brown  rock,  forming 
the  point  next  east  of  the  mouth  of  the  creek,  not  more  than  6 
rods  from  it:  by  its  position  appparantly  overlying  the  last:  cut  by 
a  dyke,  N.  5®  E.,  3  feet  wide. 

69.  A.  On  east  the  of  this  dyke  this  rock  immediately  becomes 
coarsely  amygdaloidal,  with  calcite  and  a  dark  red  mineral  that  is 
not  quite  so  frail  as  laumontite,  nor  so  light  colored,  but  resembles 
it.  No.  69  returns,  making  the  coast,  cut  by  occasional  dykes,  or 
modified  and  interbedded  with  igneous  rock,  and  extends  half  way 
to  Lester  river.  Before  reaching  its  termination  it  is  cut  by  a  dyke 
6  feet  wide  which  forms  a  jutting  high  point  but  few  rods  west  of 
the  east  boundary  of  New  London.  This  causes  no  apparent 
change  in  the  formation;  but  at  the  next  high  rocky  point  the 
beds  are  contorted  and  bent  in  all  directions,  as  if  the  overlying 
rocks  had  been  thrust  against  and  upon  them  with  great  violence. 
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70.  The  rock  that  overlies  No.  69,  perhaps  the  equivalent  of 
64,  or  of  a  bed  like  it.  It  is  a  firm  heavy  metamorphic  conglom- 
erate, and  causes  a  prominent  point  or  break  in  the  direction  of 
the  shore  line.  This  contains  quartzyte  pebbles,  with  calcite  and 
pyrite  in  the  interstices,  dip  E.  20® N.;  on  the  W.  of  Lester  river. 

71.  One  of  the  beds  of  the  sedimentary  formation;  overlying 
No.  70;  fine-grained,  greenish  rock  having  a  reddish  color  tdong 
its  scams.  This  continues  but  6  or  8  rods  and  disappears  under 
the  beach,  and  nothing  appears  again  till  at  Lester  river. 

72.  Brecciated  granular  sandrock,  or  quartzyte,  of  a  light- 
brown,  or  reddish  color,  homogeneous  and  thinly  bedded,  (or  was 
so),  at  the  mouth  of  Lester  (or  Passabika)  river.  The  amygdaloi- 
dal  structure  does  not  pervade  the  sandrock,  but  it  pervades  the 
cement,  or  rock  that  fills  the  angular  openings  between  the  pieces 
of  the  breccia. 

72.  A.     Calcitic  amygdaloid,  the  cementing  material  of  72. 

73.  Rock  from  the  east  side,  at  the  mouth  of  Passabika  river. 
Fine-grained,  similar  to  No.  71.  crystalline,  non-amygdaloidal,  of  a 
dark  gray  color,  becoming  brown  along  some  of  the  joints,  and  in 
some  large  areas;  Extent  1|  miles,  with  a  low  line  of  exposure; 
runs  under  No.  74. 

74.  Red  rock  next  east  of  No.  73,  extending  for  some  distance; 
rather  coarsely  granular,  changed  from  the  sedimentary  beds;  cut 
by  a  dyke  25  feet  wide  running  N.  10®  E;  afterwards  a  breccia, 
followed  by  a  rock  like  No.  71  again.  This  last  shades  through 
various  modifications  into  an  amygdaloid,  and  thus  continues  to  a 
point  where  some  mining  has  been  done  for  copper  S.  E.  J  Sec.  34. 
T  51  N.  R  13  W. 

75.  Porous,  almost  spongy,  with  laumontitic  amygdules;  from 
No.  74.  At  this  locality  there  has  been  an  unusual  disturbance  of 
the  beds,  all  of  them  being  converted  into  a  breccia,  yet  with 
enough  of  the  original  lamination  preserved  to  show  the  direction 
of  the  strike  and  dip.  The  layers  stand  nearly  vertical,  or  dip  at  a 
high  angle  to  the  north,  with  flexures,  the  strike  being  nearly  east 
and  west.  Colors  vary  from  a  light  flesh-color  to  a  brownish-red. 
The  latter  color  is  amygdaloidal,  the  former  is  more  apt  to  be  brec- 
ciated merely,  or  evenly  bedded,  or  to  be  spongy  likethe  samples 
taken. 

76.  Directly  lying  on  No.  75;  resembles  No.  71;  interbedded 
with  No.  75;  containing}  laumontite  amygdules,  and  nodules  of 
calcite  and  fluorite;  having  somewhat  a  trappous  aspect;  runs 
under — 
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77.  Which  is  the  rock  wrought  for  copper;  a  coarse  amygda- 
loid with  laumontite  and  calcite,  containing  some  copper. 

78.  Firm,  brownish-red,  crystalline,  or  sub-crystalline,  like  some 
other  numbers,  forms  the  bite  of  Crystal  Bay,  often  bedded,  much 
jointed,  disintegrating  and  falling  in  large  loose  masses,  weathering 
light  red  or  pinkish;  containing  nests  of  calcite  crystals,  showings 
perfect,  sometimes  double,  terminations;  these  nests  are  sometimes 
18  inches  across,  but  generally  less  than  10.  The  crystals  are 
impacted  in  a  fine  red  clay  which,  with  the  crystals,  are  included  in 
the  cavities;  the  clay  is  laminated,  and  may  have  been  infiltrated 
from  above. 

78.  A.    Crystals  from  No.  78. 

79.  Finely  crystalline,  of  a  brownish  color,  and  basaltiform  in 
jointing;  but  with  this  rock,  which  presents  many  characters  of 
interbedded  traprock,  are  seen  also  evidently  metamorphosed  sedi- 
mentary rocks,  sometimes  amygdaloidal  and  sometimes  close  and 
compact,  sometimes  highly  tilted  (generally  to  the  east  or  south- 
east), and  sometimes  nearly  horizontal;  sometimes  also  presenting 
a  false  cross  stratification,  or  false  bedding,  like  some  sandrocks. 
Samples  represent  the  prevailing  variety  of  rock  along  the  coast 
from  No.  78  for  a  mile  or  more,  the  blufifs  being  generally  low — 
3  to  10  feet — ^with  great  confusion.  With  the  various  scenes  of 
disturbance,  upheaval  and  contortion  along  here  it  is  impossible, 
with  the  various  metamorphic  eflFects,  and  the  mingling  of  true 
igneous  rock,  to  trace  consecutively  any  formation  but  a  few  rods. 

80.  Samples  of  prehnite  and  cupriferous  prehnite  from  the 
shaft  about  one  mile  up  French  river. 

81.  Trappous  rock,  dark,  somewhat  amygdaloidal;  amygdules 
dark,  or  of  the  color  of  the  rock.  This  rock  decomposes 
into  rounded  grains  or  amygdules,  becoming  lighter  colored.  This 
continues  to  form  the  bed  and  bluffs  of  the  creek  for  ^  mile  or 
more,  when  it  begins  to  show  light  amygdules  ;of  laumontite,  of 
which 

82  is  a  sample,  appearing  much  like  No.  81,  and  is  really 
only  a  variation  of  81.  The  same  rock  (81)  continues,  with  some 
variations,  to  the  mine  of  the  French  River  Mining  Company, 
where  the  road  from  Duluth  crosses  the  creek  (sec.  18).  At  this 
mine  the  copper  occurs  native  in  the  rock  that  seems  to  run 
in  irregular  veins  and  crevices  in  the  rock  No.  81,  which  has  the 
appearance  of  being  an  igneous  rock.  The  ore  (No.  80)  consists  of 
a  gray-colored  radiated  prehnite,  in  cavities  and  veins  in  No.  81. 
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83.  Heavy  gray  rock  with  geodic  cavities  lined  with  prehnite, 
also  having  laumontite. 

84.  Highly  amygdaloidal  rock  from  1^  miles  up  French  River. 
(Hall.) 

85.  A  coarse  loose  rock  easily  crumbling  under  the  hammer; 
yellowish  white  concretions.     (Hall.) 

86.  Fine,  hard,  crystalline  rock  with  chalcedony  (?)  concretions 
about  two  miles  up  French  River.     (Hall.) 

87.  A  fine  dark  rock  with  no  bedded  srructure,  at  three  miles  up 
French  River.     (Hall.) 

88.  SW  J  Sec.  10,  on  the  lake  shore;  from  the  round  point 
which  bounds  Sucker  Bay  on  the  west.  Rock  similar  to  that  at 
French  River  forms  the  coast  for  about  J  mile,  having  a  low  out- 
crop. It  is  gray,  heavy,  amygdaloidal,  the  amygdules  being  of 
nearly  the  same  color  as  the  body  of  the  rock,  but  in  some  patches 
amygdaloidal  with  a  flesh-red  mineral,  harder  and  darker  than  lau- 
montite, as  at  points  west  of  the  creek  crossing  sees,  9  and  10, 
sometimes  thinly  bedded  and  disintegrating. 

89.  Just  east  of  this  creek  the  exposed  rock  becomes  heavily 
bedded  and  darker.  Norwood  here  calls  it  a  dyke,  but  it  seems  to 
be  rather  one  of  the  heavy  massive  beds  of  igneous  overflow,  simi- 
lar to  those  of  Agate  Bay;  non-amygdaloidal,  rather  fine-grained,  but 
ha\dng  large  geodic  concretions  of  calcite,  with  an  interior  of  lau- 
montite. The  joints  are  lined  with  a  mineral  Norwood  styled 
heulandite.     See  Nos.  515  and  516. 

90.  From  the  east  point  of  Sucker  Bay,  a  massive,  heavy- 
bedded,  dark  rock,  sloping  up  from  the  water's  edge,  similar  to  Nos. 
1  and  49;  continues  to  Knife  River;  also  forms  Knife  Islands. 

90.  A.  From  a  conspicuous  white  seam  or  vein  in  No.  90, 
which  strings  and  splits  out  in  ascending  the  face  of  the  rock 
from  the  water;  spongy  and  apparently  siliceous,  but  too  soft  to  be 
of  quartz. 

90.  B.     Concretions  from  No.  90. 

91.  Rock  from  the  east  side  of  Knife  River,  passing  under  the 
rock  of  the  point  (No.  90);  with  amygdules  of  white  minerjils,  some 
of  which  appear  to  be  quartz,  but  many  of  them  are  of  an  amor- 
phous white  mineral  which  on  weathering  is  slippery,  This  white 
mineral  is  also  harder  in  seams  and  in  some  of  the  amygdules. 
(Same  as  No.  641.) 
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91.  A.  Represents  the  harder  amorphous  white  mineral,'  but 
closely  mixed  with  the  soft. 

91.  B.  The  soft  white  mineral  which  Dr.  Owen  named  thalite, 
placed  by  Dana  under  saponite. 

91.  C.  Is  from  a  spongy  mass  from  near  the  center  of  a  large 
concretion  in  No.  91 ,  at  least  3  feet  in  diameter,  the  whole  con- 
cretion being  at  least  6  feet  through;  this  spongy  mass  is  largely 
made  up  of  laumontite,  and  in  some  places  it  is  rusty.  There  are 
spots  in  this  rock  (No.  91)  which  show  clear  quartz  crystals,  form- 
ing the  nuclei  of  the  amygdules,  especially .  where  the  concretions 
are  about  |  inch  or  an  inch  in  diameter,  with  the  amorphous  white 
mineral  surrounding  them;  crystallized  in  these  concretions  are 
also  found  calcite  and  laumontite.  This  passage  from  quartz  (in 
the  centre)  through  amorphous  hard  mineral  (opal?)  to  saponite 
suggests  a  posible  origin  for  agates;  viz:  the  dissolution  of  sapon- 
ite and  its  losing  A  2 1  O3  and  MgO,  leaving  the  Si02  to  crystalize  in 
the  centre.  This  91  B  (thalite  of  Owen)  makes  the  main  material 
in  the  amygdules  of  the  amygdaloid  J  mile,  east  of  Knife  River, 
and  as  they  are  soft  and  weather  out,  the  rock  easily  disintegrates. 
It  is  found  also  in  veins  and  seams  and  in  angular  crevices.  • 

92.  Laumontitic  amygdules,  from  about  half-way  between  Knife 
River  and  Agate  Bay.  The  rock  No.  91  becomes  more  and  more 
charged  with  laumontite  in  passing  toward  the  east.  In  patches, 
and  in  some  of  the  irregular  beds  of  the  rock,  which  is  tipped  and 
twisted  in  opposite  directions,  but  mainly  dips  toward  the  lake, 
this  laumontite  is  so  abundant  that  the  rock  easily  weathers  to 
pieces.  It  there  also  is  thinner  and  more  regularly  bedded,  and 
forms  the  re-entrant  angles  of  the  coast,  the  ^'points'*  being  formed 
by  the  more  firm  heavy-bedded  trappous-looking  portions  of  the 
serias;  when  near  the  water-line  these  soft  patches  cause  purgato- 
ries. These  two  variations  cause  a  jagged,  though  nearly  straight, 
coast-line  for  three  or  four,  or  more,  miles  from  Knife  River,  in 
some  places  the  rock  rising  about  30  ft.  perpendicularly  from  the 
water.  This  even-bedded  rock,  with  much  laumontite,  seems  to  be 
that  which  Norwood  styled  "volcanic  grit,"  and  on  the  southern 
shore  is  styled  * 'ash-beds"  by  the  miners.  The  "dykes"  which 
Norwood  mentions  must  be  the  firmer,  broad  patches  and  bedded 
sheets  of  more  trap-like  rock  which  occur  in  connection  with  the 
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amygdaloids  just  mentioned.  There  is  no  regularity,  however,  in 
the  occurrence  of  these  places.  While  this  laumontite  increases  in 
qoantity  the  thalite  disappears.  With  the  laumontite  is  crystal- 
lized calcite  so  that  nearly  half  of  the  white  masses  that  blotch 
the  blufb  is  often  calcite. 

93.  From  the  firm,  heavy,  trappous  beds,  non-laumontitic,  oc- 
curring as  above  with  No.  92.  At  the  point  at  which  the  samples 
are  obtained  (Sec.  10,  T.  52,  R.  11),  the  trappean  bed,  7  ft.  thick 
forms  the  height  of  the  bluff,  within  a  narrow  bay,  but  overlies  a 
bed  of  six  feet  of  very  laumontitic  amygdaloid,  which  is  also  brec- 
ciated;  under  that  (9  ft.  to  the  water)  is  a  rock  that  h&s  an  outward 
resemblance  to  No.  91,  but  has  less  of  thalite  and  more  laumontite. 

93.  A.  The  lower  rock,  last  mentioned,  with  green  (chloritic?) 
amygdules. 

Through  section  11,  where  a  number  of  creeks  come  in,  the 
shore  is  made  of  red  clay,  with  a  stony  beach.  The  last  rock  seen 
is  a  low  exposure  of  No.  91. 

The  west  coast  of  Agate  Bay  is  made  up  of  a  number  of  alterna- 
tions of  agatiferous,  heavy  beds  of  igneous  origin,  rather  fine- 
•grained,  and  layers  of  soft  laumontitic,  thinly-bedded  amygdaloid, 
styled  volcanic  grit  by  Norwood.  For  some  distance  after  round- 
ing the  point  the  coast-line  ia  made,  as  noted,  by  a  sloping  rock- 
surface  that  rises  directly  from  the  water,  the  waves  washing  over 
a  broad  surface.  This  is  taken  for  an  igneous  rock,  but  occasion- 
ally, before  it  breaks  up,  on  entering  the  bay  further,  the  overly- 
ing bed  of  laumontitic  layers  may  be  seen  slightly  under  the  soil^ 
and  tree-roots,  or  forming  a  continuous  line  of  outcrop.  The  dip 
slightly  changes  in  rounding  the  west  point  of  Agate  Bay  so  that 
in  passing  along  the  beach,  in  either  direction  from  the  long 
smooth  rock-beach,  one  steps  on  lower  layers.  Within  the  bay  the 
dip  is  nearlv  east.  On  the  point,  where  first  exposed,  the  dip  is 
nearly  south.  Further  within  the  bay  other  beds  of  alternating 
trap  and  amygdaloid  are  found  to  enter  the  coast-line,  there  being 
no  less  than  five  alternations  which  are  numbered  from  above,  be- 
low as  follows,  in  the  samples  collected.  These  beds  vary  from 
eight  to  fifteen  feet  thick. 

94.  Trap,  from  the  top  of  the  bluff.     Agate  Bay. 

95.  Amygdaloid,  underlying  No.  94. 

96.  Trap,  underlying  No.  95. 

97.  Amygdaloid,  underlying  No.  96. 

98.  Trap,  underlying  No.  97. 
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99.  Amygdaloid,  underlying  No.  98. 

100.  Trap,  underlying  No.  99. 

101.  Amygdaloid,  underlying  No.  100. 

102.  Trap,  underlying  No.  101. 

103.  Agates,  veinstones,  geodes,  &c,  from  the  layers  at  Agate 
Bay. 

The  point  between  Agate  and  Burlington  bays  is  made  by  a  suc- 
cession of  seven  layers  of  traprock,  alternating  with  loose,  some- 
times brecciated,  amygdaloidal  layers,  while  five  are  seen  in  rounding 
the  corresponding  point  on  the  west  side  of  Agate  Bay;  the  firmer 
beds  forming  sharp  rocky  points,  and  the  'amygdaloid  occupying 
the  inward  angles.  They  are  each  10-16  feet  thick  and  dip  east- 
wardly,  as  on  the  westr  of  Agate  Bay.  These  cannot  be  distin- 
guished from  those  already  enumerated  on  the  west  side  of  Agate 
Bay.  Burlington  Bay  is  structurally  a  repetition  of  Agate  Bay, 
whether  by  the  same  beds  or  not  is  uncertain,  but  quite  possible; 
the  general  dip  of  the  beds  being  toward  the  lake,  about  both  bays, 
particularly  on  the  westerly  sides  where,  by  the  operation  of  high 
seas  and  winds,  the  rocks  have  suffered  greatest  degredation.  The 
eastern  shores  of  these  bays  are  mostly  made  of  pebbles  and  debris, 
and  are  low;  yet  it  seems  as  if  the  rocky  substructure  were  the 
governing  cause  of  their  westerly  slopes.  Hence  these  bays  are 
due  to  a  sort  of  trough-like  downward  sweep  of  the  layers  of  trap 
and  amygdaloid;  within  the  bays,  and  the  points  to  a  similar  up- 
ward sweep,  the  greater  rock  exposure  on  their  westerly  coasts  be- 
ing due  to  the  greater  erosion  on  eastward  facing  shores.  The 
eastern  shore  of  Burlington  Bay,  and  the  point,  are  constructed  in 
the  same  way  of  alternating  layers  of  soft  and  hard  rock,  the  whole 
more  or  less  igneous  or  vesicular.  Near  the  extremity  of  the  point 
is  a  remarkable  instance  of  a  heavy  trap  bed  supported  on  but- 
tresses of  softer  amygdaloid  which  separate  deep  and  dark  purga- 
tories to  the  number  of  thirteen.  The  trap  bed,  which  lies  like 
the  superstructure  of  a  bridge  on  piers,  is  about  ten  feet  thick,  and 
the  whole  rises  25  or  thirty  feet  towards  the  west,  but  descends 
gradually  to  the  lake  level  towards  the  east. 

104.  Seems  to  be  what  Norwood  styled  heulandite,  from  the 
igneous  layer  that  lies  along  the  lake  level  at  the  great  bridge,  be- 
low the  amygdaloid. 


38  ANNUAL  aSPORT. 

The  bay  next  east  of  Burlington  Bay  is  also  made  up  along  its 
western  coast  of  a  succession  of  heavy,  dark,  igneous  beds,  alter- 
nating vdth  soft  amygdaloids,  the  number  of  the  former  being  four 
or  five. 

105.  Sec.  22,  T.  53,  R.  10.  The  point  on  the  coast  here  just 
E.  of  Silver  Cr.  is  high  and  rocky,  vrith  mixed  dark  heavy  rock 
and  amygdaloid,  as  if  from  a  conglomerate,  rising  about  thirty 
feet  perpendicularly  from  the  water,  and  particularly  on  the  east- 
em  side.  Along  Sec.  21  the  coast  is  low  and  rocky,  with  trap  and 
amygdaloid,  dipping  generally  into  the  lake,  but  through  Sec.  29 
it  is  mainly  a  shingle  beach.  The  hill  on  Sec.  15  is  abruptly 
elevated,  facing  the  lake,  (See  639)  and  caused  by  mixed  trap  and 
amygdaloid.  It  rises  perhaps  250  feet  above  the  lake,  and  further 
back  about  400  feet, .the  top  being  of  heavy  basaltic  doleryte. 
The  whole  coast  line  of  Sec.  15  is  high  and  rocky  with  this  num- 
ber— alternating  or  mixed  amygdaloid  and  trap,  with  purgatories 
in  the  former.  Sec.  11  is  mainly  a  sand  beach,  with  no  rock,  or 
only  a  single  low  rocky  point,  ^  mile  west  of  Encampment  River. 
This  sandy  beach  continues  to  the  middle  of  the  coast  line  that  is 
in  Sec.  12,  when  trap  and  amygdaloid  return,  extending  about  ten 
rods  after  which  appears  the  next. 

106.  A  heavy,  coarsely-jointed,  coarse-grained  rock,  of  which 
Encampment  Island  is  composed,  a  truly  igneous  rock,  in  which 
the  augite  (?)  shows  metalloidal  surfaces  resembling  bronzite. 
This  also  contains  what  is  taken  provisionally  for  the  unindimd- 
ualized  magma,  as  well  as  plagioclose,  magnetite,  apatite  and  de- 
lessite,  (same  as  638).  This  rock  also  has  concretionary  or  geodic 
nests  of  light-colored  mineral  resembling  quartz  or  chalcedony. 

107.  From  the  point  directly  opposite  the  island.  It  is  heavy, 
dark-colored,  massive,  but  basal tiform,  overlying  a  red  amygdaloid 
which  lies  on  a  rock  like  that  of  Two  Harbors.  This  rock  seems 
to  be  an  extension  of  the  rock  of  Encampment  Island,  and  the 
equivalent  of  No.  639. 

108.  Heavy  trap,  showing  small  grains  or  films  of  native  cop- 
per, from  the  high  bluflf  at  the  mouth  of  Gooseberry  river.  (See 
Nos.  517  and  518). 

109.  Trap  from  the  falls  of  the  Gooseberry  river.  S.  W.  ^ 
Sec.  22,  T.  54.9 

109.  A.     Thalite  &c..  Falls  of  the  Gooseberry. 

110.  Reddish,  finely-jointed,  and  crumbling  into  many  small, 
angular  pieces,  that  on  the  beach  are  firm,  red,  and  abimdantly  strewn 
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of  Gooseberry  river.  This  rock,  which  is  seen  about  on  Sec.  12,  T. 
54.9,  is  like  that  at  Crystal  Bay,  which  furnishes  the  calcites.  The 

for  some  miles  west,  even  making  the  red  beach  at  the  mouth 
bluflF  here  gradually  rises  from  the  level  of  the  lake  at  its  western 
end,  with  a  dip  (?)  almost  perpendicular,  but  toward  the  west.  In 
passing  along  20  rods  it  gets  horizontal,  and  even  runs  the  other 
way,  at  an  angle  of  25  degrees.  The  perpendicular  bluff  rises  40 
feet  in  its  horizontal  parts,  and  where  the  dip  becomes  20®  E.  it  i& 
somewhat  higher,  continuing  altogether  about  40  rods.     (Y.  520.) 

Nearly  opposite  this  bluff  is  a  rocky  trap  island  in  which  are  nu-^ 
merous  concretionary  masses  which  themselves  are  mainly  of  the 
same  rock,  3  and  4  feet  in  diameter,  and  also  many  nodules  of  quartz^ 
some  of  them  being  a  foot  or  more  in  diameter.  They  are  geodic 
and  sometimes  amethystine  or  agate-like.  This  trap  is  finely  amyg- 
daloidal  in  some  places,  but  generally  heavy,  compact,  and  dark- 
colored;  the  two  characters  being  disseminated  so  as  to  be  irregu- 
larly mixed,  one  surrounding  the  other  as  if  in  concretions,  or  as  if 
one  had  been  cemented  in  the  other  as  a  matrix.  This  rook  can  be 
traced  in  the  shallow  water,  directly  under  the  rock  of  No.  110,  up 
to  the  foot  of  the  bluff  on  the  mainland.  There  are  here  strictly 
two  small  islands  separated  by  a  narrow  shallow  channel.  The 
rock  of  these  islands,  and  the  beds  of  the  coast  west  of  the  rock 
of  No.  110,  rise  toward  the  west  so  as  to  form  the  high  land  and 
bluff  at  Gooseberry  River  from  which  was  obtained  No.  108. 

Ill  A.     Heavy  compact  trap.     Sec.  7,  T.  54,  R.  8. 

111  B.     Amygdaloidal  trap.     Sec.  7,  T.  54,  R.  8. 

These  are  from  the  west  side  of  a  little  bay  in  Sec.  7,  one  show- 
ing 10  feet  and  the  other  6  ft.  They  are  both  greenish.  The 
strike  is  nearly  northward  :and  northeastward,  but  forms  the  coast- 
line for  i  mile,  No.  Ill  B,  gradually  rising  to  a  thickness  of 
nearly  15  feet,  when  it  passes  inland  as  the  coast-line,  made  of 
shingle,  sweeps  more  eastwardly  toward  the  mouth  of  Splitrock 
River. 

112.  Dark  basaltic  trap,  holding  masses  of  No.  113,  from  Split- 
rock  Point.    (V.  524.) 

112  A.  Vein  rock,  and  calcite  and  stilbite  (?)  from  a  vein  in 
No.  112. 

113.  Feldspar  rock,  probably  labradorite,  from  the  masses  in- 
eluded  in  dark  trap  at  Splitrock  Point. 
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The  west  side  of  Splitrock  River,  at  its  entrance  to  the  lake,  is 
low,  but  the  east  side,  or  northeasterly,  is  high,  and  formed  of  a 
basaltic  bluifof  rock  like  No.  112,  which  appears  on  the  immediate 
coast  at  a  short  distance  east  of  the  river.  It  there  embraces  a 
large  block  of  a  whitish-looking  rock,  which  at  a  distance  appears 
to  be  granite,  but  which  in  reality  is  what  has  been  described  by 
Norwood  as  feldspar  (No.  113),  protruding  through  greenstone. 
This  does  stand  up  like  a  dyke,  but  is  in  reality  older  than  the  trap, 
and  occurs  generally  further  inland,  forming  hiUs  several  hundred 
feet  high.  This  bluff  rises  sheer  from  the  water  136  feet,  and  has 
basaltic  dark  trap  on  each  side  of  it,  the  rock  it^lf  being  massive. 
On  the  east  of  this  high  rock  the  trap  shows  included  masses  of  the 
same  rock,  a  fact  which  Norwood  mentions,  but  yet  speaks  of  the 
feldspar  as  a  protruded  mass  of  later  date  than  the  trap.  On  the 
west  of  the  large  feldspar  mass  is  a  vein  in  No.  112  eighteen 
inches  wide,  mostly  now  consisting  of  calcite  (112  A),  with  coat- 
ing of  stilbite  next  the  walls.     (V.  522,  523,  524.) 

114.  Massive  dark  doleryte,  occurring  under  the  feldspar  mass, 
and  to  the  east  of  it.     (Hall.) 

115.  Massive  dark  rock  holding  feldspar  blocks.     (Hall.) 
115.  A.     Feldspar  found  in  No.  115.     (Hall.) 

115.  B.     Vein  i-unning  through  the  rock  No.  115.     (Hall.) 

On  east  of  Castle  Danger  (No.  113)  there  is  a  huge  pudding 
stone  of  trap  and  feldspar  for  a  short  distance,  and  then  under  it  is 
a  short  exposure  of  rock  No.  110,  just  as  the  bay  begins,  which  on 
the  opposite  side  of  the  bay,  east  of  Splitrock  Point,  appears  again 
at  the  foot  of  a  high  bluft*  of  feldspar  rock  which  stands  a  little 
inland.     Compare  No.'s  522  and  523. 

116.  Rock  on  next  bluff  below  the  feldspar  rock,  and  resem- 
bling rock  115.  Point  rises  high,  and  is  basaltic  in  structure; 
about  half  way  between  Splitrock  Point  and  Two  Harbor  Bay. 
There  is  a  conspicuous  basaltiform  layering  on  the  east  side  of 
this  point  which  slopes  eastwardly. 

117.  The  Two  Harbor  rock;  a  heavy  fine-grained  compact, 
brownish-black,  bedded  rock  dipping  eastwardly;  in  some  places 
coarsely  crystalline  and  reddish,  containing  small  quartz  geodes 
and  crystals:  these  red  parts  sometimes  cross  the  mass  in  the  form 
of  veins.  In  order  of  stratification  this  underlies  the  rock  of  No. 
116,  but  is  separated  from  it  by  Nos.  522  and  523,  the  stratigraphi- 
cal  equivalents  of  rock  520  and  110.  It  is  one  of  the  sedimen- 
taries. 
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118.  Grjstalliiie  igneous  rock,  of  coarse  texture,  from  the  coni- 
cal hill  at  the  head  of  Two  Harbor  Bay. 

The  point  that  encloses  the  east  side  of  Two  Harbor  Bay  is  a 
repetitioii  of  Castle  Danger  Point  (or  Splitrock  Point),  and  is  made 
up  in  the  same  way  of  a  dark  basaltic  dol^ryte  and  blocks  of  gray 
feldspar;  but  here  the  rock  No.  117  carfoe  seen  lying  below  No.  112, 
A  little  east  of  the  perpendicular  part  of  this  bluflF,  yet  before  the 
detached  masses  of  feldspar  cease,  can  be  seen  a  large  smoothed  sur- 
face of  one  of  the  feldspar  blocks,  uncovered  by  the  falling  oflF  of 
the  basaltic  columns,  presenting  the  characters  of  gladation.  The 
piece  is  30  feet  long  and  stands  somewhat  obliquely  among  the  ba- 
saltic columns.  On  the  main  part  of  the  striated  surface  the 
marks  are  large  and  wavy,  and  run  obliquely  upward  at  an  angle 
of  about  45®,  as  the  surface  slopes.  The  whole  contour  of  the 
wall  which  is  exposed  over  SO^feet  of  height,  and  ten  or  fifteen  in 
width,  is  exactly  that  of  the  glaciated  surfaces,  being  smoothed 
and  marked  transverse  to  the  coarse  jointing  of  the  block,  the  face 
being  toward  the  S.  W.  The  striations  and  the  whole  smoothed 
surface  run  continuously  directly  under  the  basaltic  columns  of 
the  trap  that  still  stand  in  their  places.  If  these  be  glacial  marks, 
they  furnish  evidence  of  a  post  glacial,  or  an  interglacial,  igneous 
outflow.  Still  the  marks  can  be  accounted  for,  perhaps,  by  refer- 
ing  them  to  the  slow  action  of  the  weather  under  the  pressure  of 
the  slowly  disintegrating  basaltic  trap.  As  the  several  columns 
became  loose,  but  did  not  fall  into  the  lake,  their  pressure,  by 
gravitation,  on  a  sloping  hard  surface,  with  alternate  freezing  and 
thawing,  might  so  raise  and  lower  them  as  to  cause  them  to  ope- 
rate as  slowly  moving  boulders  frozen  in  a  glacier. 

119.  At  the  next  high  point,  about  half  a  mile,  the  rock  is  red- 
dish and  basaltic,  being  like  the  red  granite  at  Beaver  Bay;  with  a 
couple  of  narrow  dykes,  closely  resembling  the  red  parts  of  No. 
117.  The  dykes  are  compact  and  green.  Immediately  east  of 
this,  which  rises  about  50  feet,  the  latter,  green  trap,  more  coarsely 
grained,  returns,  in  the  form  of  a  dyke  at  first,  but  soon  as  heavy 
beds  of  basalt,  forming  high  shores,  for  |  mile;  thence  eastward  to 
Beaver  Bay  the  same  rock  forms  the  coast-line.  This  point  (119) 
is  composed  of  a  sudden  upheaval  and  metamorphism  of  both  the 
rock  of  No.  110  and  No.  117,  the  latter  being  basaltic  and  making 
the  promontory  point.  It  is  red.  The  cause  of  the  upheaval  is 
seen  immediately  on  the  east  of  the  point  in  the  outburst  of  heavy 
drak  trap  which  runs  along  and  rises  perpendicular  about  30  feet 
— 60  feet  at  the  next  point,  and  appears  gray.     This  igneous  rock 
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extends,  in  the  form  of  a  dyke,  or  overflow,  toward  the  north  and 
northeast,  forming  a  range  of  lakeward  sloping  hills  running  back 
of  Beaver  Bay  and  supplies  the  iron-sand  of  Black  Beach,  three 
miles  west  of  Beaver  Bay.  At  Beaver  Bay  Point  it  embraces 
masses  of  feldspar  rock  again,  and  is  suddenly  replaced  by  a  high 
and  semi-basaltic  promontory  of  red  rock  (No.  526.) 

120.  Feldspar  rock,  Beaver  Bay.    Resembles  No.  1.    (See  627.) 

121.  Coarsely  crystalline  rock  from  W.  side  of  second  small 
bay  above  Beaver  Bay  entrance.    (Hall.) 

1S2.  A  ^'greenstone f^  columnar,  and  on  inside  and  east  side  of 
same  bay  as  No.  121.     (Hall.) 

123.  Resembling  No.  116  from  bluflF  east  of  Castle  Danger. 
(Hall.) 

123.  A.    Block  lying  within  No.  128  (Hall.)    See  687. 

124.  Brownish  rock  forming  the  bluif  at  Beaver  Bay  entrance, 
on  the  west  side  (Hall);  much  jointed,  semi-basaltic,  supposed  to  be 
the  equivalent  of  No.  119  (V.  No.  526.) 

124.  A.    Dyke-rock,  within  124.    (Hall.) 

125.  S.  E.  i  Sec.  2,  T.  55,  R.  8.  Soft,  reddish,  amygdaloidal; 
explored  for  copper.  Several  test-holes  and  surface  trenches  have 
been  dug  on  various  sides  of  a  conical  hill  made  up  of  alternating 
layers  of  reddish  brown  firm  rock  (trap?)  and  soft  amygdaloid, 
very  much  like  the  layers  that  form  the  hill  west  of  Agate  Bay. 
This  amyglaloid  is  so  soft  when  wet,  and  so  fragile  when  dry  that 
it  can  be  crushed  in  the  hands.  It  has  a  soapy  feel,  and  a  dull  red 
color. 

126.  This  rock,  which  furnishes  by  its  disintegration  the  black 
sand  at  Black  Beach,  a  few  miles  west  of  Beaver  Bay,  is  found 
in  places  about  ^  mile  up  the  creek  that  enters  the  lake  there,  near 
the  center  of  Sec.  22,  T.  55,  R.  8.  It  seems  to  consist  of  plagio- 
clase  (labradorite  ?)  hypersthene  and  magnetite  essentially,  making 
the  rock  hyperyte,  according  to  Dana's  Mineralogy  p.  210.  The 
metalloidal  surfaces  of  the  crystals  in  this  rock  resemble  those  of 
the  rock  of  Encampment  Island. 

127.  From  near  the  mouth  of  the  river  at  Beaver  Bay.  A 
metamorphic  rock  presenting  another  condition  of  No.  124;  fre- 
quently  jointed,  breaking  so  easily  along  predetermined  planes 
that  it  falls,  under  the  hammer,  into  small  fragments,  making  it 
difficult  to  get  a  fresh  fracture.  In  the  main  it  is  slaty,  but  its 
texture  is  tough  and  its  exterior  is  angular.  It  is  ashen-gray,  but 
has,  between  the  laminations  thinner  lighter  laminations  of  appar- 
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ently  siliceous  matter;  suddenly  rises  in  a  knob  and  disappears- 
under  the  dnft.  In  color,  structure  and  texture  this  differs  from 
any  rock  before  seen  on  the  shore.  It  rises  about  60  feet  and  ex- 
tends about  120  feet.  Microscopically  it  appears  to  consist  of 
quartz  in  fine  grains,  in  a  nonnsrystalline  base.  It  extends  more 
or  less  back  from  the  mouth  of  the  creek,  toward  the  west,  and 
appears  slightly  on  the  other  side  of  the  creek.  (V.  528) 

128.  Feldspar  crystals,  weathered  out  of  masses  embraced  in  a 
crumbling  doleryte,  just  north  of  the  mouth  of  Beaver  Creek. 
These  feldspar  masses  lie  within  15  feet  of  another  outcrop  of 
upheaved  rock  like  No.  127,  viz: 

129.  Similar  to  1 27,  but  porpbyritic  with  orthoclase,  and  translu- 
cent grains  like  adularia,  thus  resembling  the  rocks  68  and  140;  an 
isolated  buttress  55  feet  wide  and  25  feet  high.  This  outcrop  has  no 
evenly  laminated  arrangement,  but  is  frequently  jointed  and  easily 
falls  to  pieces.  It  seems  to  be  highly  tilted  in  the  form  of  a  bed 
toward  the  south,  and  lies  on  the  next,  with  an  angle  of  30  de- 
grees.    Occurs  a  short  distance  northeast  of  the  mouth  of  Beaver 

Creek. 

130.  Finely  siliceous,  quartzyte,  dark  brown,  a  bed  lying  under 

No.  129,  suddenly  thrust  upward,  and  presenting  somewhat  the 
outward  form  of  a  dyke. 

131.  Finely  crystalline,  of  a  bluish  gray  color  or  nearly  black; 

from  a  point  6  rods  further  along  (N.  E.)  in  Beaver  Bay,  which 

embraces  masses  of  feldspar;  probably  of  the  igneous  series.     This 
rock  cannot  here  be  said  to  embrace  the  feldspar,  but  the  overlying- 

trap  is  so  mixed  with  feldspar  pieces  and  is  so  nearly  of  the  same 

color  and  rate  of  disintegration  that  they  lie  confusedly  together  ^ 

and  in  some  cases  pebbles  of  feldspar,  somewhat  changed,  are  in 

the  surface  of  No.  131.     (See  532.) 

131.  A.     Stilbite  incrustations  from  No.  131. 

132.  The  green  igneous  rock  that  holds  the  feldspar  masses,  as. 
in  131 ;  generally  basaltic.  This  is  apparently  from  the  same  as  No^ 
131,  but  at  another  point.    (See  532.) 

132.  A.  Red  patches,  &c.,  in  No.  132;  apparently  consisting: 
largely  of  stilbite,  of  a  flesh-red  color,  and  pierced  by  needles  of 
light  green  mineral,  which  is  probably  actinolite.  This  occurs  in 
nodules  and  patches,  in  veins  and  joints,  going  in  different  direc- 
tions across  the  face  of  the  rock. 
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133.  The  coast  to  the  first  island  east  of  Beaver  Bay  is  made  up 
of  the  coarse  doleryte  132,  and  feldspar  rock.  The  island  in  the 
bay  is  of  red  rock,  resembling  the  rock  in  the  bluflF  of  the  west  point 
of  the  jbay,  but  approaching  the  rock  of  the  high  palisades.  This 
number  resembles  the  2d  island  (large  one).  It  is  of  the  feldspar 
rock,  or  "Rice  Point  granite"  entirely. 

134.  Red  granite,  generally  basaltic  in  structure,  but  in 
places  amygdaloidal  and  crumbling;  coarse  grained,  from  the 
•3d  island  from  Beaver  Bay.  The  4th  island  appears  to  be  of  the 
same,  but  was  not  visited.  Nearly  opposite  the  last,  but  a  little 
west,  is  a  high  bluflF  of  brecciated  or  amygdaloidal  reddish  rock 
with  one  narrow  E.  and  W.  dyke.  Another  dyke  forms  an  isolated 
ridge  a  few  rods  further  east,  rising  a  few  feet  above  the  water 
and  running  into  the  sand  beach  in  the  same  direction. 

135.  A  reddish-brown  breccia,  sometimes  amydaloidal,  with 
traces  of  carbonate  of  copper  (?)  and  numerous  calcite  seamings. 
From  the  last  mentioned  dyke  the  coast  becomes  jagged,  rocky  and 
precipitous,  with  frequently  joiuted,  reddish-brown  rock,  like  the 
Two  Harbor  rock,  which  sometimes  becomes  grayish  like  the  slaty 
quartzyte  at  Beaver  Bay,  and  this  becoming  brecciated  and  amygda- 
loidal, with  purgatories,  for  nearly  a  mile.  Opposite  this  precipitous 
line  of  coast  is  the  5th  island,  and  No.  135  is  obtained  along  this 
high  bluflF  (20-60  feet).  It  is  evident  along  this  high  bluflF  that  the 
hard  gray  rock  of  Beaver  Bay  is  a  variation  simply  of  the  reddish- 
brown  losely  jointed  rock,  since  it  shows  in  patches,  and  especially  in 
proximity  to  the  E.  and  W.  dykes;  and  that  the  fine  grained,  red- 
dish-brown rock,  resembling  some  trap,  as  that  of  Two  Harbor 
Bay,  is  altered,  brecciated,  and  basaltified  by  the  coarse-grained, 
igneous  rock  which  is  associated  with  it,  the  former  being  one  of 
the  sedimentay  beds.  Between  Beaver  Bay  and  the  Great  Palisades 
are  numerous  feldspar  masses,  in  the  coast  series,  and  inland  from 
the  shore  a  very  short  distance  is  a  range  of  low  hills  made  up  of 
feldspar,  with  traprock  on  their  flanks. 

136.  Comes  from  opposite  the  5th  island-  It  is  a  crystalline 
rock,  with  much  green  mineral;  varies  from  dark-brown  to  green- 
ish and  black.  In  close  proximity  to  it,  and  at  last  forming  the 
whole  of  the  bluflF  mentioned,  is  a  rock  that  is  like  No.  134.     This 
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sometimes  is  bedded  and  slopes  up  from  the  water,  at  other  times 
broken  and  basaltic,  with  high  blufb.  Further  along  the  rock  No. 
134  seems  to  be  surrounded  and  embraced  in  masses  in  No.  136). 
very  much  as  the  ^'feldspar''  is  embraced  in  No.  112,  but  with 
mucli  less  contrast  of  color.     This  is  due  simply  to  variation  in 

the  same  rock. 

137.  Samples  shows  the  alternations  of  color  between  bright 

green  and  bright  red  in  the  rock  No.  136.  The  green  tint  is 
caused  by  abundant  chlorite.  (?)  The  red  is  apparently  that  of  a 
dark,  flesh-red  feldspar  but  also  due  sometimes  to  iron  rust. 
Through  them  both  are  coarse  crystals  of  what  often  appears  to  be 
amphibole.  In  the  chlorite  (?)  are  small  quartz  crystals  with 
two  perfect  terminations.  This  is  opposite  the  island,  or  about 
the  center  of  Sec.  28,  T.  56,  R.  7,  in  a  high  bluflF  along  the 
W.  side  of  a  little  bay  of  which  the  east  is  of  the  same  rock  less 
high.     The  brightest  colors  and  contrasts  are  near  the  water. 

138.  Rock  from  the  tip-top  of  the  Great  Palisades,  315  feet 
above  the  lake;  a  hard,  reddish-brown,  fine-grained  rock,  with 
translucent  rectangular  crystals;   sometimes  porphyritic  with  a 

flesh-red  feldspar. 

139.  So  taken  as  to  express  the  character  of  the  rock  of  the 
bulk  of  the  Palisades;  of  the  same  character  as  No.  138. 

The  Palisades  begin  after  passing  the  little  rock-bound  bay  of 
No.  137.  Altitude  of  the  perpendicular  bluif  near  the  mouth  of 
the  Palisade  Creek,  125  feet;  of  the  Palisades  near  the  north  line 
of  Sec.  28,  back  from  the  bluff  145  feet,  separated  from  the  main 
Palisades  by  a  slight  depression.  Highest  point  on  the  Palisades^ 
315  feet;  highest  perpendicular  over  the  lake,  210  feet. 

140.  This  number  embraces  a  varied  lithology,  taken  frpm  the 
contorted  concretionary  and  amygdaloidal  parts  that  lie  under  the 
main  basaltic  portions  of  the  Palisades.  It  is  by  the  easier  erosion 
of  this  that  the  face  of  the  Palisade  bluff  gradually  recedes  inland. 
As  they  become  unsupported,  column  after  column  of  the  bluff 
slides  down  perpendicularly  and  generally  breaks  into  large  blocks 
which  remain  and  make  a  breakwater  protecting  the  lower  beds 
from  the  force  of  the  waves  and  ice;  but  sometimes  thev  remain 
standing  partially  erect  ahd  unbroken,  after  sliding  down,  leaning 
against  the  bluff.  One  can  now  be  seen  so  standing,  about  25  feet 
long.  In  this  underlying  portion  there  is  apparent  a  degree  of 
heat  which  was  sufficient  to  fuse,  or  semi-fuse  the  material,  and  to 
allow  of  its  being  twisted  and  recurved  so  as  to  defy  description. 
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Large,  hardened  masses  or  concretions  occur  in  it;  the  whole  of  it 
contains  the  translucent  crystals  mentioned,  as  well  as  flesh-red 
feldspar.  Some  of  it  is  red,  some  K^reen,  some  brown,  some  dirtj 
white  or  buff;  some  is  laminated  with  thin  laminae  of  the  trans- 
lucent mineral,  and  some  is  massive  with  a  conehoidal  fracture; 
the  matrix  of  the  crystals,  and  the  parts  between  the  translucent 
laminae  are  not  crystalline  but  seem  to  have  been  perfectly  molten 
once  to  allow  for  the  crystals  above;  yet  probably  cooled  rather 
suddenly;  these  laminated  parts  and  other  (brownish)  streaked 
portions,  appear  to  have  been  drawn  out,  at  least  the  latter,  in  a 
streamed  structure,  containing  less  of  the  translucent  grains  and 
more  quartz,  which  latter  is  clouded,  under  the  microscope,  with 
inclusions.  This  streaked  structure  is  judged  to  be  due  to  stream- 
ing from  the  occurrence  of  a  few  crystalline  forms  in  it,  which 
perhaps  would  not  be  the  case  if  the  structure  were  due  to  a  pre- 
served effect  of  original  sedimentation. 

141.  Dark  green  igneous  rock,  like  112  which  holds  the  feld- 
spar masses.  This  seems  to  lie  under  the  Palisades,  as  it  comes  in 
at  once  on  the  coast  east  of  Palisade  Creek,  the  rock  of  the  Pali- 
sades suddenly  disappearing  with  dip  toward  the  lake;  continues  to 
near  Baptism  River,  where  a  coarsely  jointed,  brecciated,  grayish- 
red  laminat^ed  and  finely  porphyritic  fine  rock  comes  in  just  before 
reaching  the  river,  through  which  the  river  has  cut  a  narrow  pas- 
sage or  gate  as  it  enters  the  lake. 

142.  From  N.  W.  J  of  N.  E.  \  Sec.  4,  T.  56,  R.  7,  on  Baptism 
River,  335  feet  above  Lake  Superior;  and  about  30  rods  above  tho 
fourth  falls  of  the  river.  About  J  mile  above  this  the  river,  and 
the  country  generally,  undergoes  a  marked  change,  the  former  be- 
coming slow  and  broad,  and  the  latter  level  or  undulating,  without 
visible  rock  in  either.  The  rocks  here  consist  of  alternations  of 
trap,  or  basalt,  with  amygdaloid,  similar  to  the  layers  of  Agate 
Bay,  dipping  N.  W.  20®.  The  lower  beds  of  basalt  form  shelving 
points  and  bars  across  the  river,  but  the  upper  ones  are  in  the 
bluff  on  the  west  side,  which  is  35  or  50  feet  high.  There  are  at 
least  16  beds  of  basalt,  more  or  less  distinct,  but  they  are  not  so 
thick  as  at  Agate  Bay.  Here  they  are  from  3  to  5  feet  thick,  and 
all  dip  in  the  same  direction.  The  fourth  fall  is  made  by  one  of 
these,  more  coarsely  crystalline  than  the  others 

143.  The  doleryte  that  forms  the  fourth  fall  of  Baptism  River. 
The  fall  embraces  the  whole  river  in  one  narrow  cleft,  and  descends 
nearly  perpendicular. 
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144.  The  river  bed  is  then  filled  with  large  boulders  of  No.  143 
for  some  distance,  and  all  dip  and  strike  are  lost.  The  next  that 
appears  is  a  closely  jointed  dark  rock,  sometimes  haying  red  belts, 
and  calcite  seams,  but  mainly  black.  In  this  kind  of  rock  is  an 
abandoned  exploration  for  copper,  some  distance  above  the  fourth 
fall.  There  is  also  in  the  river  bed  along  this  place,  large  detached 
masses  of  feldspar  rock. 

145.  The  rock  of  the  third  fall,  which  is  the  same  as  the  Pali- 
sade rock,  as  it  apppeai's  on  the  shore  below  Baptism  River.  It  is 
reddish  and  compact  with  small  translucent  crystals.  It  is  some- 
what finely  amygdaloidal,  and  weathers  into  rough  slates,  which 
are  again  cut  by  joints  into  lenticular  pieces,  that  present  their 
sharp  comers  as  their  neighbors  fall  out.  These  slates  have  a  dip 
north.  Indeed  the  rock  No.  145,  so  far  a  it  appears  along  the 
river  here,  has  shown  a  dip  northwardly,  but  only  occasional  ex- 
posures occur,  generally  low  and  water-covered.  The  rock  here 
rises  above  the  top  of  the  falls  about  30  feet,  the  whole  height 
being  105  feet.  Below  this  fall  are  large  masses  of  feldspar  rock 
loose.  There  is  a  series  of  amygdaloid  and  trap  beds  under  the 
rock  of  the  falls,  that  appear  in  the  river  about  25  rods  below, 
dipping  N.  W.,  as  the  rock  of  the  falls  dips.  The  thickness  and 
number  of  these  underlying  beds  cannot  be  seen. 

146.  Forms  the  rock  of  the  second  fall,  but  the  fall  is  in  two 
parts.  These  are  simply  some  of  the  layers  of  the  trap  that  belong 
to  the  series,  but  are  coarser  and  somewhat  basaltiform.  The 
blocks  are  coarser  than  they  are  generally  between  the  second  and 
third  falls,  though  there  is  not  much  exposure  along  the  river. 
This  fall  is  about  30  feet.  The  samples  come  from  the  top  of  the 
first  part  of  the  fall.  The  beds  are  more  compact  in  the  lower 
portion  of  the  fall;  but  all  maintain  the  same  dip,  though  in  less 
degree. 

About  one-fourth  mile  below  the  second  fall  is  a  bluflf  along  the 
right  bank,  rising  about  80  feet,  made  up  of  layers  of  trap  and 
amygdaloid,  while  the  left  bank  is  low,  or  gently  ascending,  and 
rises  up  as  a  trap  layer  rises  in  dip  at  an  angle  of  15®,  the  dip 
being  toward  the  west,  15®  N.  This  continues  about  J  mile.  The 
layer  that  forms  the  left  bank,  and  slopes  into  the  water  is  hard 
and  fine-grained,  but  somewhat  amygdaloidal  in  places  with  laumon 
tite. 
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147.  Compact,  but  amygdaloidal  with  laumontite  ^  mile  below 
the  second  falls  of  Baptism  River;  from  the  layer  sloping  into  the 
river,  as  above  described. 

148.  At  the  first  fall,  the  dip  changes  from  N.  W.  to  S.  or  S. 
E.  This  number  represents  the  lowest  bed,  over  which  all  the 
other  layers  seem  to  fall  in  anticlinal.  Although  at  the  brink  of 
the  fall  there  is  more  or  less  basaltiform  structure,  there  is  no  ap- 
parent dyke.  In  spots  the  dip  is  in  different  directions,  between 
N.  W.  and  S.  E.  or  S.  passing  through  W.  as  if  by  a  quaquaversal 
toss  the  whole  had  been  twisted.  The  bluffs  are  about  100  feet, 
high  below  the  fall. 

149.  About  ^  mile  below  the  1st  falls  is  a  conglomerate  out- 
crop on  the  east  bank,  dipping  with  a  synclinal  bend,  10^  S.  hy 
10®  E.  This  is  isolated  from  all  other  outcrops  seen  above,  and 
the  dip  of  all  seen  would  cause  this  to  overlie  them  if  there  be  no- 
other  irregularity.  The  exposure  runs  about  12  rods  along  the 
shore,  but  its  highest  point  is  at  the  upper  end  where  about  18* 
feet  can  be  seen.  The  whole  of  it  is  red,  and  some  of  it  is  almost 
wholly  free  from  pebbles,  so  as  to  be  a  red  sandstone,  but  the 
greater  portion  of  it  is  full  of  pebbles.  Above  this  point  a  few 
rods  some  sand  rock  pieces  can  be  seen  in  the  river.  Some  of  the 
pebbles  are  six  inches  across,  but  generally  they  are  smaller. 

150.  Basaltic  rock  nearly  in  contact  with  No.  149,  but  so 
separated  from  it  by  debris  of  pebbles,  etc.,  that  its  strategraphicaL 
relations  to  it  cannot  be  seen.     This  is  coarse  doleryte. 

151.  A  short  distance  further  down,  a  rock  appears  which  oc- 
cupies the  bed  of  the  river  at  first,  but  gradually  rises  so  as  to  form 
high  blufis.  It  is  reddish-brown,  porphyritic,  compact,  and  has  trans- 
lucent crystals  in  form  of  rectangles  as  before  mentioned,  re- 
sembling the  palisade  rock. 

152.  Finely  jointed,  compact,  basaltic,  forming  a  precipitous^ 
high  shore  on  either  side  of  the  river,  letting  the  river  down  to 
the  lake  level.  This  is  dyke-like  in  character  of ^ rock,  but  confused 
and  breeciated  in  outward  aspect,  forming  irregular  knobs  and 
and  escarpments.  This  is  found  after  an  interval  of  non-exposure 
in  the  river  bed,  after  the  last. 

153.  A  contorted  or  breeciated,  slaty,  closely  jointed  and 
laminated,  reddish-brown  rock,  forming  the  "gate"  by  which  the 
river  enters  the  lake,  rising  in  blufib  suddenly  at  the  lake  shore 
and  shutting  in  a  bayou  in  the  river.  This  is  also  porphyritic,  and 
has  translucent  square  crystals.     There  is  an  outcrop  of  the  Beaver 
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Bay  gray,  slaty,  quartzyte  on  the  right  bank  below  No.  151.  Rock 
like  No.  141  is  seen  first  above  the  bayou,  just  below  No.  152,  in  a 
short  exposure  like  a  dyke. 

153.  In  the  little  bay  first  east  of  Baptism  river.  Beds  of  red- 
dish-gray, slaty  quartzyte,  like  those  of  No  127,  cut  by  narrow, 
finely-jointed  dykes,  the  upper  portion  being  hardened  and  black- 
ened so  as  to  resemble  the  second  rock  appearing  up  Baptism 
river  (153). 

The  little  bay  next  west  of  the  red  point  of  rock  (Palisade  No. 
3),  is  occupied  by  high,  rocky  bluffs,  consisting  of  alternating 
amygdaloid  and  basalt  layers,  dipping  N.  W.  The  basalt  beds  are 
from  5  to  18  feet  thick  and  the  amygdaloid  from  almost  nothing 
to  15  feet.  The  basalt  beds  make  little  points,  and  the  amygda- 
loids  form  bays  with  purgatories.  These  beds  run  under  the  rock 
of  the  Palisade  No.  2  (No.  154),  which  here  rises  perpendicularly 
in  a  high  wall  facing  south. 

154.  Rock  from  the  Palisades  No.  2,  a  short  distance  east  of  the 
mouth  of  Baptism  river;  undistinguishable  from  that  of  the  Great 
Palisjides. 

This  Palisade  rock  continues  easterly  with  irregular  dip  and 
bedding,  tmd  sometimes  evident  jointing,  18  to  30  feet  high,  for 
about  half  a  mile  from  this  point,  where  a  layer  of  dark  green 
doleryte  of  basaltic  structure,  twenty  feet  thick,  is  seen  crossing  the 
face  of  the  bluff  in  a  dip  30=  E.  of  N.  of  18=.  The  direction  of 
the  doleryte  layer  shows  the  prevailing  direction  of  the  dip  of 
the  rock  in  general,  in  which  it  is  imbedded,  though  otherwise  it 
would  be  only  conjecturally  to  the  northeast.  Round  the  next 
little  point  come  in  alternations  of  traj)  and  amygdaloid,  lus  before 
described,  dipping  \\4th  the  basalt  last  described.  These  continue 
to  an  exposure  of  conglomerate  similar  to  that  seen  in  Baptism 
river,  dipping  north  at  jin  angle  of  eight  or  ten  degrees.  The  ex- 
posure of  this  conglomerate  is  30  feet  high. 

155.  Conglomerate.  This  has  calcite  nodules,  and  some  lau- 
montite.  The  stones  are  occasionally  one  foot  in  diameter.  The 
higher  beds  come  down  to  the  beiich  with  a  low  outcrop  toward 
the  west,  but  to  the  east  the  conglomerate  is  changed  gradually 
into  a  reddish-brown  or  nearly  black  rock  wholly  metamorphosed 
and  at  a  distance  appearing  firm  and  close-jointed  like  a  fine  dyke 
rock.  Were  it  not  for  a  continuance  of  the  lines  of  stratification 
from  the  real  conglomorate  into  this,  it  is  hardly  possible  to  recog- 
nize this  as  a  conglomorate. 
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155  A.  The  pebbles  are  changed  and  closely  cemented  in  the 
metamorphic  parts,  and  only  appear  as  blotches  of  dark  brown 
color.  The  whole  takes  more  the  aspect  of  a  fine  but  firm  breccia 
like  others  that  have  been  seen.  The  cause  of  this  hardening  and 
changing  of  the  conglomerate  is  a  doleryte  dyke  20  feet  wide,  im- 
mediately on  the  east,  running  a  few  degrees  west  of  north.  This, 
in  connection  with  another  but  a  few  feet  distant,  seen  after 
passing  the  little  point,  seems  to  have  caused  a  fault,  so  that  the 
conglomerate  is  not  seen  beyond  them.  A  bold  short  point  of 
rock,  like  the  palisade  rock,  next  comes  in,  but  it  seems  to  be  cut 
off  by  an  immense  dyke  that  runs  behind  it,  and  perhaps  is  the 
main  dyke,  the  former  being  branches.  This  is  75  or  80  feet 
wide.  Then  follow  successive  layers  of  trap  and  amygdaloid, 
with  a  high  dip  about  north,  repeating  the  phenomena  already 
noted.  The  dip  here  is  about  40®  N.  10®  E.  This  makes  a  most 
beautiful  nest  of  pinnacles  and  purgatories  in  quick  succession,  as 
the  basalt  beds  project  into  the  lake  and  break  down  by  piece- 
meal, so  as  to  leave  sharp  islands  and  belfries  standing  with  the 
water  on  all  sides.  After  this  supervenes  a  heavy  bedded  coarse 
trap,  crossed  soon  by  a  dyke  ;  and  after  this  a  pebbly  beach  for  40 
rods,  behind  which  seems  to  run  the  strike  of  the  conglomerate, 
judging  from  the  fragments  on  the  shore. 

156.  Then  comes  a  mtissive  heavy  rock,  with  a  considerable  in- 
gredient of  red,  with  jointed  and  contorted  lamination,  or  in  heavy 
massive  beds.  It  has  much  amphibole  and  much  magnetite.  In 
other  places  it  contains  orthoclase  and  laumontite,  the  latter  min- 
eral causing  an  easy,  natural  disintegration.  This  is  terminated 
eastwardly  by  a  doleryte  dyke  50  feet  wide.  It  seems  to  be  pjirtly 
derived  from  the  igneous  rocks  themselves,  mixed  in  eruption  with 
fused  portions  of  the  sedimentaries. 

157.  On  the  east  of  this  dyke,  where  several  veins  seem  to  radiate 
inland,  appears  a  light  reddish  hard  rock,  consisting  largely  of 
orthoclase  and  quartz,  the  former  being  imperfectly  crystalline, 
with  magnetite  and  red  ochre  in  smaller  quantities.  This  forms 
a  high  bluff  for  10  rods,  and  is  terminated  by  another  dyke  of  35 
feet.  Two  other  dykes  also  cross  this  red  rock.  (See  No.  636.) 
Then,  after  a  short  pebbly  beach,  alternating  beds  of  amygdaloid 
and  basalt  return,  dipping  S.  W.  This  is  near  the  western  side  of 
the  broad  shallow  bay,  on  Sec.  30,  T.  57,  6,  where  a  hill  rises  near 
the  shore.  This  bay  is  J  mile  or  more  across,  has  a  pebbly  beach 
except  at  one  small  point  near  its  head,  where  a  trap,  coai-se  and 
rough,  makes  a  small  outcrop.     The  point  on  the  east  of  this  bay 
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is  of  trap  and  amygdaloid,  in  irregular  alternation,  rising  25  feet. 
It  is  long  in  the  direction  of  the  coast  line,  and  precipitous.  (See 
Nos.  630  and  631).  Similar  alternations  of  trap  and  amygdaloid 
(Nos.  631,  2,  3,  4,  5),  with  irregular  bedding  but  nearly  constant 
outcrop,  run  along  for  a  mile,  when  the  beach  becomes  stony  and 
low,  with  occasional  exposures  of  dark,  rough  and  vesicular  trap, 
to  Little  Marais.  (V.  No.  158).  This  is  a  short  sandy  and  pebbly 
beach,  crossed  by  the  entrance  of  two  little  creeks,  guarded  from 
the  N.  E.  winds  by  a  hard  trap  rock  layer  that  runs  out  in  the 
lake  like  a  breakwater,  some  distance  ;  but  toward  the  S.  and  S.  W. 
it  is  perfectly  exposed  to  the  lake. 

158.  The  rock  first  west  of  Little  Marais;  trap  and  amygdaloid, 
the  latter  haying  saponite  and  stilbite  filling  cavities,  with  some 
thomsonite. 

158.  A.     Stilbite  &c.,  from  No.  158. 

159.  From  the  extreme  east  end  of  Little  Marais  bay;  amyg- 
daloid that  is  derived  from  conglomerate ;  contains  amygdules  of  stil- 
bite, mainly,  but  also  saponite  and  calcite;  having  a  general  rusty- 
red  color;  underlies  the  next. 

160.  Forms  the  point  that  protects  Little  Marais  from  the  east, 
and  occupying,  in  the  form  of  basaltic  trap,  the  coiist  for  two  and 
a  half  miles  further  east,  rising  in  some  places  about  100  feet,  the 
conglomerate  sometimes  rising  50  feet  above  the  lake,  making  a 
bold  and  dangerous  strip  of  coast  for  small  boats.  The  two  inter- 
lock, and  blend  in  stratification,  and  the  conglomeratic  characters, 
particularly,  become  confused,  and  even  lost,  apparently  passing 
into  amygdaloid.  They  dip  toward  the  lake  in  the  main,  but  there 
are  spots  where  the  dip  is  invisible.  These  extend  to  and  beyond 
the  Manitou  river  (See  Nos.  628  and  629).  This  river  makes  a  per- 
pendicular plunge  of  about  20  feet  just  at  the  shore,  but  within  a 
re-entrant  angle  and  a  narrow  gorge.  The  river  on  entering  the 
lake  passes  under  an  arch  of  confused  and  igneous  conglomeritic  rock ; 
the  latter  characters  being  also  mingled  with  amygdaloid,  suggest- 
ing that  perhaps  other  amygdaloids  are  changed  conglomerates  or 
other  sedimentary  rocks.  This  is  a  beautiful  little  niche  in  the 
coast  line,  the  roar  of  the  falls  being  as  loud  as  that  of  the  beach, 
and  not  more  than  50  or  60  feet  distant  from  each  other.  There 
is  a  narrow,  crooked  gorge  also  above  the  falls,  but  the  river  is 
wholly  invisible,  a  sudden  jog  to  the  west  cutting  off  all  vision 
above,  so  that  the  water  seems  to  come  directly  from  the  rock 
blufi'.     The  lake  bluflF  is  about  65  feet  high,  and  perpendicular  from 
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the  water.  The  overlying  trap,  somewhat  basaltic,  is  about  30  feet 
thick.    [V.  628.] 

To  the  east  of  Manitou  river  the  bluiFs  are  not  so  precipitous, 
but  the  same  rocks  continue:  and  at  the  next  river,  where  the  wa- 
ter in  a  similar  manner  makes  a  short  plunge  (4  feet),  directly  from 
the  rock  into  the  lake,  the  bluffs  are  about  half  as  high  as  at  Man- 
itou river.  This  is  on  the  east  of  Pork  Bay,  which  has  a  broad, 
sandy  beach. 

161.  Trap  from  the  shore  at  the  town  line  betweer  ranges  5 
and  6  (on  sec.  36),  one  of  the  layers  associated  with  altered  con- 
glomerate in  an  amygdoloidal  state;  some  having  thalite  and  thom- 
sonite.  Some  has  what  appears  like  prehnite  (Lintonite?)  and 
some  caleite.  These  are  not  easily  disseminated,  but  often  are 
found  in  patches  or  clumps  closely  aggregated,  the  rest  of  the  rock 
having  less. 

161.  A.  Brown,  aluminous  vein-rock  in  No.  161.  These  veins 
are  from  two  to  four  inches  wide. 

161.  B.     Pebbles  of  thomsonite,  from  the  top  of  No.  161. 

162.  Amygdoloid  from  the  same  place  as  No.  161. 

From  the  last  place  to  Sugar  Loaf  Point  the  coast  is  low,  with 
much  stony  and  gravelly  beach,  the  points  only  being  of  rock:  this 
rock  is  coarse  dark  trap. 

163.  From  Sugar  Loaf  Point;  a  small  point  enclosing  a  little 
bay  and  harbor  on  the  northwest  side  with  a  sandy  beaCh,  and  hav- 
ing a  conspicuous  tuft  of  trees  standing  isolated  from  the  low 
shore  lying  next  west  of  it.  The  rock  is  rough  trap  consisting  of 
two  sorts  and  dipping  south  10®  east,  at  an  angle  of  about  12  de- 
grees. The  upper  part  appears  to  be  somewhat  more  uniform  and 
basaltic,  or  mjissive.  and  of  a  greenish  color,  18  feet  thick.  The 
lower  is  hanler  and  has  many  concretions  and  amygdaloidal  spots. 
These  spots  are  in  nests,  the  amygdules  lyeing  of  thomsonite 
and  stilbite  (?).  There  are  perhaps  of  this  3  or  4  feet,  but  it  is 
irregularly  bedded,  and  contains  pebbles  as  if  conglomeritic.  These 
pebbles  and  enclosed  masses  seem  to  be  so  thoroughly  embraced  in 
the  rock  that  they  were  more  likely  to  have  been  in  the  molten 
mass- -semi-fused — than  to  have  been  of  marine  origin.  The 
greenish  color  of  the  upper  portion  seems  to  come  from  the 
weathering  of  the  firm  trap.  The  upper  portion  also  becomes 
globuliferous  in  disintegrating  under  the  weather,  exhibiting  the 
characters  that  have  been  ascribed  to  melaphyre. 
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East  of  Sugar  Loaf  Point,  to  Two  Islands,  the  coast  is  rocky 
most  of  the  way,  particularly  in  the  western  portions,  with  several 
short  pebbly  beaches.  The  rock  is  of  the  same  sort  as  at  the 
point,  and  along  the  beach  are  strewn  white  pebbles  of  thomson- 
ite,  with  stilbite.  The  coarse  basalt  of  the  point  rises  again  im- 
mediately on  the  east  of  the  bay,  disclosing  purgatories  below  it 
in  the  amygdaloid,  the  bluff  rising  25  feet,  and  being  cut  by  can- 
yon-like gorges,  and  crossed  by  two  or  three  little  streams  before 
reaching  Two  Island  river. 

164.  Trap  rock,  like  No.  163.  dipping  toward  the  lake  at  an 
angle  of  about  12  degrees,  between  Sugar  Loaf  Point  and  Two 
Island  river. 

165.  From  the  westerly  of  the  Two  Islands.  The  rock  rises 
about  40  feet,  basaltiform,  on  the  west  side,  dipping  S.  E.,  con- 
formably with  the  dip  of  the  rock  on  the  shore.  The  westerly  is 
the  larger  island,  40  rods  long,  the  other  being  about  20  feet  high 
and  20  rods  long.     The  rock  is  similar  to  that  of  No.  163. 

The  Two  Island  river,  like  many  others,  is  closed  during  the 
summer  months  by  a  gravely  spit  that  turns  westerly  from  its 
point  of  starting  from  the  shore,  under  the  action  of  the  wind  and 
waves  of  the  lake  as  opposed  by  the  current  of  the  river.  The 
drift  of  the  beach  seems  alwavs  to  l>e  toward  the  west,  and  these 
spits  that  shut  up  the  streams  are  uniformly  in  that  direction,  the 
river  being  continued  sometimes  behind  the  spit  for  several  rods 
before,  by  entering  the  gravel,  it  is  finally  lost  altogether.  The 
coast  line  is  hardly  broken  by  the  river,  especially  in  the  existence 
of  this  spit,  but  the  valley  seems  to  be  in  the  eroded  place  of  one 
of  the  more  amygdaloidal  layers  of  the  igneous  formation  that 
forms  the  coast  line.  There  are  several  falls  a  short  distance  up 
this  stream,  as  there  are  up  all  these  streams,  making  the  north 
fihore  more  abundant  in  water-power  than  any  other  part  of  the 
State. 

The  rock  of  Two  Island  river  continues  to  form  the  coast  to 
Cross  river,  the  shore  ascending  from  the  water  with  the  slightly 
varying  drift,  from  three  to  fifteen  feet,  but  rarely  having  perpen- 
dicular walls. 

At  Temperance  river  the  same  beds  are  cut  through  by  the  river, 
and  the  underlying  amygdaloid  allows  of  the  sudden  recession  of 
the  lowest  rock-barrier  within  the  line  of  coast,  so  as  to  form  a 
small  rock-bound  amphitheater,  rising  suddenly  and  perpendicu- 
larly from  the  lake-level  on  all  sides,  forming  a  good  harbor  for 
small  boats.     This  is  entered  through  a  little  niche  in  the  rocky 
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coast,  in  quiet  water.  The  water  of  the  river  descends  by  a  short 
plunge  over  the  next  lower  layer  of  trap-rock  directly  into  the 
water  on  a  level  with  Lake  Superior.  Above  the  fall  is  a  narrow 
gorge,  only  visible  on  ascending  the  rocks,  crooked  and  filled  with 
cascades,  through  which  the  river  rushes  with  a  rapid  current,  throw- 
ing a  white  spray  on  all  sides.  This  gorge  exhibits  some  large  pot- 
holes, some  also  worn  and  broken,  thus  showing  how  the  river  has 
eaten  into  the  rock  and  excavated  this  gorge.  There  is  no  larger 
stream  between  this  and  the  St.  Louis. 

Ascending  the  Temperance  river  the  layers  of  the  copper  series 
can  be  seen  constantly  rising,  the  dip  of  the  formation  being^ 
greater  than  the  descent  of  the  river,  so  that  by  the  time  the  falls 
are  reached  several  hundred  feet  of  thickness  of  beds  have  been 
passed  over.  They  all  have  a  general  resemblance  to  themselves, 
being  a  trap  like  Nos.  163,  4,  5,  but  in  places,  or  rather  in  beds, 
amygdaloidal,  these  beds  coming  in  with  a  rough  alternation,  but 
not  with  continued  regularity.  They  may  have  been  partly  sedi- 
mentary, but  they  show  no  outward  signs  of  it,  except,  perhaps, 
this  kind  of  stratification — which  still  may  be  due  to  successive 
overflows  of  lava.  Indeed  the  amygdaloid  beds  seem  to  alternate 
in  a  manner  as  if  a  flow  of  lava  became  amygdaloided  by  degree* 
toward  the  upper  surface,  the  denser  portions  passing  upwardly 
gradually  into  the  more  open,  but  the  open  parts  passing  upward- 
ly suddenly  to  compact,  non-vesicular  layers.  There  is  also  a 
marking  on  the  uper  surfaces  of  some  of  the  amygdaloidal  beds, 
which  seems  to  show  the  efi'ect  of  cooling  from  a  molten  condi- 
tion. These  marks  or  wrinkles  are  transverse  to  the  direction  of 
the  dip.  They  are  in  a  finer  grained  rock,  though  on  the  upper  sur- 
face of  the  amygdaloidal  layers,  and  seem  to  be  of  the  same  kind  of 
rock,  though  redder,  as  the  amygdaloid  itself.  They  are  seen  at 
four  different  horizons,  and  overlie  uniformly  beds  of  a  foot  or  a 
foot  and  a  half  up  to  three  feet  and  a  half  of  amygdaloidal  trap» 
with  which  they  are  connected  by  slow  changes  into  the  same 
structure.  They  are  themselves  somewhat  amygdaloidal,  but  with 
much  finer  and  fewer  amy gdules.  There  is  sometimes  a  thin  belt, 
or  interrupted  stratum,  of  highly  and  coarsely  vesicular  and  amyg- 
daloidal rock  immediately  under  the  wrinkles,  which  causes  the 
separation  of  sheets  of  the  wrinkled  finer  rock  from  the  rest  of  the 
bed.  These  wrinkled  surfaces,  which  are  transverse  to  the  sup- 
posed flow  of  the  molten  rock  toward  the  Lake  Superior  basin^ 
may  have  been  caused  by  the  superficial  cooling  of  a  film  of  rock 
on  the  surface  of  the  flowing  lava.     The  lava  continuing  to  flow — 
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toward  the  lake  valley — the  film  was  wrinkled  by  being  obstructed 
by  its  own  stiffiiess,  as  cream  is  wrinkled  transversely  on  the  edge 
of  a  pan  as  the  milk  runs  out  below.  As  the  liquid  below  moved 
on,  the  crust  somewhat  stiflFened,  could  not  so  freely  move,  but  yet 
was  not  hard  enough  to  maintain  its  position.  By  friction  it  was 
carried  on  more  slowly,  but  wrinkled  transverse  to  the  force  moving 
it.  The  crumpled  layers  are  about  an  inch  thick,  but  sometimes 
two  or  three  are  infolded  upon  each  other,  making  a  crumpled  lay- 
er of  three  or  four  inches.  They  are  much  finer  and  denser  in 
grain  and  structure  than  the  beds  on  which  they  lie,  and  are  of  a 
redder  color.  The  convex  sides  of  the  wrinkles  are  upward. 
The  trap  here  is  all  of  a  dark  color,  as  dis»tinguished  from  the 
red  trap  and  laumontitic  amygdaloids,  and  overlies  the  red 
amygdaloids  between  here  and  Poplar  river.  The  amygdules 
are  calcite,  stilbit^,  thomsonite,  with  chlorite  in  its  various  stages 
of  change.  Sometimes  embraced  in  these  wrinkled  layers  are 
lenticular  areas  or  patches,  ^  inch  to  1^  inch  thick,  of  a  red  grit, 
resembling  the  red  sandrock  with  which  these  traps  are  associated; 
and  within  the  amphitheater,  near  the  water  on  the  north  side,  is 
an  irregular  triangular  patch  of  ferruginous,  thinbedded  shale,  it- 
self amygdaloidal,  lying  under  a  layer  of  dark  trap  and  over  the 
beds  that  show  these  wrinkled  surfaces.  Five  layers  of  alterna- 
ting trap  and  amygdaloid  are  visible  between  the  lake  and  the  first 
fall,  somewhat  less  than  J  mile  up  the  river. 

166.  Heavy,  dark  trap,  forming  the  gate  to  the  amphitheater 
at  Temperance  river,  from  the  top  of  the  bluflF,  22-25  feet. 

167.  Ochery,  red,  shaly  beds  of  grit  in  a  niche  in  the  disturbed 
amygdaloid  under  the  beds  of  No.  166,  0  to  3  feet;  with  fine  ar- 
gillaceous films. 

168.  Amygdaloid  of  calcite;  same  as  the  next,  but  taken  higher 
in  the  beds. 

169.  Upper  surface  of  an  amygdaloid  layer,  rising  like  a  dome 
near  the  water,  exposing  3  feet. 

170.  Wrinkled  upper  surface  of  an  amygdaloid  layer,  from  near 
the  mouth  of  the  river. 

171.  From  the  lowest  layer  exposed  at  the  falls,  about  one  mile 
up  Temperance  river;  outwardly  a  trap  undistinguishable  from  all 
the  rest  at  Temperance  river.  This  fall  is  on  N.  W.^  sec.  30 
where  a  little  creek  joins  the  river  from  the  northwest. 

The  gorge  of  this  river,  and  the  falls,  taken  with  the  cascades, 
the  potholes  and  the  rapid  descent,  are  altogether  a  most  remarka- 
ble combination  of  picturesque  river  erosion.     They  are  in  the 
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midst  of  inaccessible  and  wild  scenery.  The  gorge  is  so  narrow  it 
can  be  stepped  across,  the  only  danger  being  to  secure  footing  on 
the  other  side,  for  a  failure  would  precipitate  a  man  down  a  gorge 
from  50  to  100  feet  into  a  foaming  river.  In  one  part  of  this 
gorge  which  is  about  60  rods  long,  are  several  perpindicular  falls 
of  the  water,  some  of  them  being  into  large  potholes,  from  which 
the  water  whirls  and  plunges  downward  obliquely  into  others. 
Some  of  the  abandoned  potholes  are  on  the  rock  a  hundred  feet 
above  the  water,  and  some  are  even  outside  the  river  gorge,  and 
show  where  the  river  has  acted  formerly. 

172.  About  f  mile  below  the  mouth  of  Temperance  river;  from 
a  layer  of  trap  that  weathers  green,  is  irregularly  bedded  and  in 
spots  is  amygdaloidal.  This  is  a  little  higher  than  No.  166,  in  the 
bedding,  but  at  poiuts  further  east,  and  particularly  at  a  point  about 
J  mile  east  of  Temperance  river ,  seems  td  hold  large  globular 
masses,  as  if  of  boulders,  and  at  other  places  seems  to  be  conglom- 
eritic  in  the  same  way.  Nos.  167  and  168  become  a  thinly  bed- 
ded amygdaloid  running  along  the  shore  between  No.  166  and 
No.  169. 

172.  A.     Slickensided  stilbite,  from  this. 

173.  N.  E.  Cor.  Sec.  28,  T.  59,  4.  In  a  little  stony  bay  fticing 
N.  E.  This  bay  is  partly  shut  in  by  a  projecting  trap  point  run- 
ning N.  E.,  from  which  this  number  is  obtained.  It  is  an  amyg- 
daloidal trap  containing  stilbite,  thalite,  calcite.  \\dth  some  laumon- 
tite  in  amyfi^dules  and  in  nests,  and  joints.  The  stilbite  occupies 
the  larger  cavities,  or  lines  them,  the  thalite  being  as  filling  to 
amygdules  or  in  geodes  of  stilbite.  The  rock  itself  is  roughly 
bedded,  and  dips  toward  the  lake  at  an  angle  of  about  10  degrees. 

173  A.     Stilbite,  taken  from  No,  173. 

173  B.  Weathere<l  stilbite  (?)  from  the  beach  in  the  bay  on 
Sec.  28,  near  No.  173. 

174.  At  five  miles  from  Temperance  River  (Sec.  12,  R.  4.  T. 
59.)  the  bluifs  rise  from  20  to  40  feet,  and  are  made  up  of  trap  and 
amygdaloid,  sometimes  having  the  globuliferous  jointage  noted 
near  Temperance  River;  the  amygdaloid  also  sometimes  being  con- 
glomeri tic,  containing  harder  masses  of  more  compact  rock;  still 
somewhat  amygdaloidal;  and  a  ferruginous  sandstone  which  seems 
rather  to  fill  veins  and  irregular  cavities.  There  is  much  calcite 
and  laumontite  in  this  amygdaloid.  The  samples  with  this  num- 
ber are  of  the  more  compact  rock  in  the  amygdaloid,  and  of  the 
sandstone.  There  are  many  deep  purgatories  and  arched  passages 
and  buttressed  porches  along  here.     The   globuliferous  jointage 
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noted  is  not  due  to  the  existence  of  boulders  in  the  mass,  but  to  a 
natural  separation  of  the  bed  along  conchoidal  or  curving  surfaces, 
as  it  prepares  to  disintegrate.  These  all  dip  toward  the  lake  about 
15  degrees. 

175.  At  six  miles  (about)  east  of  Temperance  River  (the  coast 
sdl  the  way  from  that  river  being  continuously  rocky  with  the 
same  as  seen  at  Temp.  R.);  the  conglomeritic  beds  appear  on  the 
coast.  Here  they  are  more  distinctly  conglomeritic  than  at  other 
points.  Some  of  them  contain  angular  and  somewhat  rounded 
masses  of  different  texture,  though  not  of  much  different  color  or 
composition  from  the  mass  of  the  rock.  Here  there  are  also  lumps 
of  amygdaloid  contained  in  a  red  sandroek,  the  amygdules  being 
largely  of  calcite  and  laumontite;  but  the  sandstone,  which,  how- 
ever, is  hardly  gritty,  but  ferruginous  and  aluminous,  makes  up 
less  than  one-half  of  the  mass.  These  beds  (No.  175)  are  about 
six  feet  thick.  They  are  overlain,  in  an  oblique  upward  strike 
froi  1  the  water,  by  a  bed  of  trap  undistinguishable  from  the  trap 
that  occurs  frequently  along  here,  and  are  underlain  by  the  next. 

176.  A  tough,  thin-bedded  rock,  containing  much  iron,  and 
having  a  red  mineral  (heulaudite  ?)  separating  its  frequent  joints, 
so  ?is  to  appear  blood-red  on  approach,  or  spotted  blood-red.  Its 
general  color  is  dark-brown  or  black,  and  it  is  seamed  with  calcite, 
heulaudite  and  laumontite,  the  second  including  the  other  two  as 
between  the  walls  of  a  vein,  the  veins  being  rarely  more  than  \ 
inch  in  thickness.  It  is  finely  amygdaloidal  with  the  same  min- 
erals: 22  feet  thick;  resembles  the  Two  Harbor  rock. 

177.  Is  another  bed  of  amygdaloid  and  sandstone,  eight  feet 
thick,  underlying  No.  176.     (See  No.  626). 

178.  Shows  four  feet,  but  bevond  at  another  bluff,  rises  so  as 
to  show  ten  feet.  It  is  a  less  amygdaloidal  state  of  No.  177,  and 
lies  below  No.  177.  The  hust  two  numbers  are  got  about  fifty  rods 
east  of  Nos.  175  and  176.  There  is  an  isolated  pillar  of  No.  176 
standing  on  a  broad  pedestal  rising  about  twelve  feet  high,  about 
forty  feet  from  the  shore. 

Round  the  next  little  point,  about  20  rods  further,  these  beds  are 
broken  and  confused,  the  dip  changing  to  the  southwest.  There 
are  here  broken  upward  bends,  or  domes,  of  soft  amygdaloid  that 
encroach  on  No.  176  so  as  by  weathering  to  make  deep  purgatories 
with  buttresses  of  No.  176  separating  them.  After  a  short  inter- 
val the  beds  go  back  again,  and  retain  their  usual  dip  toward  the 
lake.     (Compare  No.  626). 
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179.  Comes  in  below  these  amaygdaloids,  at  about  a  mile  west 
of  Poplar  river;  a  greenish  heavily  bedded  doleryte;  rising  about  10 
feet  and  returning  near  the  water,  as  the  coast  line  crosses  the 
strike  of  the  beds.  The  coast  between  Temperance  and  Poplar 
rivers  is  very  picturesque  and  interesting,  but  difficult  for  small 
boats.  The  trap  and  amygdaloids  take  a  thousand  fantastic  shapes, 
as  the  line  of  the  lake  level  cuts  across  the  undulations  of  their 
bedding  and  change  of  dip.  Sometimes  the  bridge  of  trap,  as  it 
runs  down  to  the  lake,  is  entirely  eaten  under,  forming  deep  pur- 
gatories; or  it  sometimes  breaks  down,  leaving  islands  of  rock  just 
oflF  the  line  of  coast.  Sometimes  island,  bridge,  and  all  are  taken 
away,  and  the  waves  break  on  the  base  of  a  high  bluff  that  often 
rises  perpendicuhirly  from  the  water,  or  is  skirted  by  a  little  short 
pebbly  beach,  a  rod  or  more  inside  the  line  of  islands. 

180.  From  the  middle  island  at  the  mouth  of  Poplar  river. 
Here  the  strike  of  a  heavy  layer  of  trap  runs  along  the  shore;  but 
about  six  rods  lakeward  it  exists  as  islands  and  a  reef  left  by  the 
waves,  thus  enclosing  a  small  and  imperfect  harbor  for  small  boats; 
contains  thomsonite. 

181.  Underlies  No.  180  and  does  not  vary  much  from  it,  ex- 
cept in  being  more  evenly  and  more  thinly  bedded;  and  in  separat- 
ing into  closer  joints,  so  as  to  disintegrate,  leaving  No.  180  to 
stand  alone,  and  really  causing  its  more  rapid  demolition.  Nos. 
180  and  181  form  substantiallv  one  rock,  and  are  both  what  has 
been  styled  trap  along  here.  In  weathering  they  become  very 
rusty,  when  not  under  friction,  and  brick-red,  crumbling  in  little 
red  globules.     These  beds  are  24  ft.  thick. 

182.  Is  directly  under  No.  181,  and  is  ashaly,  red,  ejisily  crumb- 
ling rock,  apparently  of  not  uniform  thickness,  but  in  one  place, 
is  about  8  ft.  thick:  on  the  east  of  Poplar  river  associated  with  a 
red  conglomerate. 

183.  A  highly  amygddaloidal  rock,  exposed  below  No.  182,  but 
ascending,  at  other  places  when  exposed,  so  as  to  "pinch''  out  No. 
182,  and  almost  uniting  with  No.  181.  This  crumbles  and  gets 
brick-red  on  weathering  on  the  beach.  Nos.  182  and  183  seem  to 
be  the  equivalents  of  Nos.  175,  176  and  177,  but  there  is  here  no 
layer  like  No.  1 76. 

184.  A  vein  of  breccia  (?)  about  18  or  20  inches  Avide  crosses 
the  face  of  a  crumbling,  greenish  trap,  running  N.  40^  E.:  sim- 
ilar to  a  rock  that  seems  to  have  been  embraced  in  the  vein;  J  mile 
east  of  Poplar  river.  This  vein  is  nearly  white  and  is  made  up  of 
calcite,  thomsonite  and  laumontite. 
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185.  Laumontite  and  silbite;  each  associated  with  calcite,  oc- 
cur in  large  nests  in  the  rock,  of  about  the  same  beds  as  183,  at  3 
miles  east  of  Poplar  river. 

186.  A  little  further  east  can  be  seen  a  very  interesting  instance 
of  the  manner  of  weathering  of  the  trap  beds.  This  is  similar  to 
what  has  been  mentioned  before,  and  styled  globuliferous.  The 
rock  seems  to  decay  to  a  considerable  depth,  .and  to  assume  a  glob- 
ular structure,  the  little  globules  being  rough  exteriorly,  and  gen- 
erally about  ^  inch  across.  This  cannot  be  due  wholly  to  any 
peculiarity  of  circumstance  in  exposure,  since  here  we  have  an 
opportunity  to  see  alternations  of  rough  and  globular  weathering 
and  of  smooth  weathering  alternating  in  beds  one  above  the  other, 
the  beds  being  otherwise  outwardly  undistinguishable.  The  rough 
and  globular  layers  show  these  characters  both  near  the  water  and 
also  as  they  rise  obliquely  across  the  blulf,  and  the  same  is  true  of 
the  smooth  weathering  layers.     Samples  show  both. 

187.  An  amygdaloid  containing  amygdules  of  zeolitic  miner- 
als, as  stilbite  and  thomsonite,  as  well  as  delessite.  Some  of  the 
crystalline  nests  are  large,  the  thomsonite  appearing  agatelike. 
Some  of  the  thomsonite  is  of  the  variety  lintonite.  This  is  ai 
Eclipse  Branch.     [V.  625]. 

188.  A  greenish  dolertye  that  weathers  softer,  slippery  and 
smooth.  It  occurs  suddenly  at  first,  on  a  point  running  N.  E. 
(Eclipse  Beach),  and  enclosing  a  little  bay,  being  a  bed  of  over- 
flow of  igneous  rock.  It  embraces  corrugated  surfaces  like  those 
seen  at  Temperance  river,  especially  at  points  a  little  further  east 
where  it  becomes  closely  associated  with  No.  187,  which  it  over- 
lies. It  seems  to  embrace  parts  of  No.  187,  and  then  to  take  its 
place.  The  corrugated  areas  are  small,  the  wrinkles  ciirving,  and 
being  in  various  directions,  sometimes  like  an  inverted  basin.  (The 
equivalent  to  No.  623). 

With  various  unimportant  alterations  between  187  and  188,  or 
rock  undistinguishable  from  them,  but  with  a  dip  toward  the  lake 
of  8^  to  15^,  the  coast  continues  rocky  from  the  last  point  to 
Cariboo  Point,  (sometimes  styled  Black  Point),  and  generally  low, 
vrith  only  occasionally  a  bluff  rising  10  or  15  feet.  At  Spruce 
river  a  high  bluff  rises  along  the  right  bank  near  the  mouth. 

189.  Cariboo  Point,  S.  W^  Sec.  11,  T.  60.  R.  2.  The  rock  of  the 
point  is  represented  by  this  number,  and  is  of  the  same  horizon 
as  No.  188.  On  the  east  side  of  the  point  this  rock  is  basaltic 
radiatingly,  and  shows  a  thickness  of  8  to  12  feet.  The  basaltic 
columns    gradually     give  way  to  a  bedded  stricture  toward  the 
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north.  In  some  places  it  is  fine-textured,  especially  near  the  top, 
and  there  shows  the  corrugations  of  surface  that  has  been  sup- 
posed to  be  old  lava-crusts;  but  generally  these  are  smoother  than 
those  seen  at  Temperance  river.  This  dips  toward  the  lake  at  an 
angle  of  about  10®  and  lies  on  the  next. 

190.  A  brownish-red  sandstone,  or  shale,  so  fragile  as  to  fall  to 
pieces  by  handling;  within  the  bay  inclosed  by  Cariboo  Point. 
This  has  a  cross-lamination,  and  toward  its  junction  with  No.  189 
is  much  less  siliceous,  and  more  aluminous  for  a  thickness  of  about 
12  feet.  Its  dip  causes  it  to  disappear,  and  its  fragile  character  to 
become  covered,  within  four  rods  of  its  first  appearance,  under  No. 
189.  It  re-appears  slightly  about  15  rods  within  the  bay,  having 
the  same  dip.  Then  for  a  little  more  than  \  mile  the  coast  is  low 
and  only  pebbly.  Beyond  that,  however,  the  shore  shows  the  same 
rock  again  as  on  the  west  of  Cariboo  Point,  though  at  first  appear- 
ing more  brecciated  or  conglomeritic.  This  sandstone  layer)  No. 
190),  is  doubtless  the  same,  or  very  nearly  on  the  same  horizon  as 
Bome  of  the  laumontitic  amygdaloids  so  frequently  seen  further 
west,  the  conditions  of  metamorphism  at  this  place  not  having 
been  such  as  to  convert  it  to  amygdaloid.  It  is  plain  that  not  much 
heat  accompanied  the  overflow  of  No.  189,  as  it  seems  not  to  have 
afiected  No.  190,  the  transition  being  abrupt  from  one  to  the  other. 
(See  after  No.  293). 

191.  The  rock  which  first  appears  on  the  east  of  Cariboo  bay 
continues  to  Cascade  river,  forming  a  line  of  low  coast.  This 
number  represents  it  at  Cascade  river.     It  there  overlies  the  next. 

192.  A  reddish-brown  amygdaloidal,  finer-grained  rock  than 
No.  191  ;  forms  a  low  outcrop  on  the  right  bank,  near  the  mouth. 

Trap-rock,  like  No.  191,  occupies  the  coast,  without  any  inter- 
mixture of  amygdaloid,  forming  a  low,  dark,  coast-line,  to  the 
point  half  way  between  Ca.scade  river  and  the  point  on  the  west  of 
Good  Harbor  Bay.  At  this  midway  point  No.  191  is  broken  into, 
allowing  the  formation  of  a  deep  bay  (Lover's  Bay),  while  its  di- 
rection near  the  lake  level  can  be  seen  in  a  small  island  east  of  the 
point.  Under  No.  191,  within  this  bay,  are  beds  of  less  firm  rocks 
which  by  the  erosion  of  the  lake  cause,  the  destruction  of  the  over- 
laying beds,  which,  as  the  dip  rises,  make  the  top  of  the  bluff  at 
the  head  of  the  bay,  rising  50  or  60  feet.  This  bed  is  greenish- 
black  and  contains  thomsonite;  sometimes  basaltic  and  sometimes 
bedded,  with  a  few  spots  of  enclosed  reddish  amygdaloid.  In  other 
places  the  doleryte  itself  more  compact  and  of  a  reddish-brown 
•  eolor  in   patches,  as  if   brecciated  or  irregularly   cooled,   shows 
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lava-crusts  and  included  angular  and  rounded  masses.  In  these 
places  the  surfaces  are  firm,  rough,  and  many-jointed.  In  other 
parts  the  dark  green  color  returns,  and  the  rock  weathers  smooth 
under  friction,  but  in  the  weather  onlv  it  crumbles.  A  lower  bed 
of  amygdaloidal  trap,  with  purgatories,  generally  low,  but  rising 
near  Terrace  Point  to  18  or  25  feet  in  height,  extends  from  Lover's 
Bay  to  Good  Harbor  Bay.  Near  Terrace  Point  it  presents  much 
the  character  ani  confused  composition  as  seen  at  Lover's  Bay,  be- 
ing reddish-brown  and  brecciated,  the  top  being  more  dark  and 
firm,  like  a  true  doleryte,  and  containing  thomsonite. 

193.  This  is  from  the  very  point,  which  sharply  encloses  Good 
Harbor  Bay;  a  green-weathering  doleryte,  containing  thomsonite. 
(V.  No.  535.)  This  dips  conspicuously,  and  overlies  a  brown  sand- 
stone, or  shale,  which  also  dips  toward  the  lake  and  runs  14  hun- 
dred feet  along  the  shore. 

194.  Brown  sandstone,  from  Good  Harbor  Bay;  aluminous;  by 
making  measurement  along  the  beach  the  outcrop  is  found  to  ex- 
tend 1400  feet,  with  an  average  dip  of  8 J  degrees  toward  the  lake; 
by  trigonometrical  calculation  the  thickness  of  the  strata  is  ascer- 
tained to  be  20^.9  feet,  as  exposed,  but  the  thickness  must  be  con- 
siderably more,  owing  to  the  non-exposure  of  rock  in  an  interval 
of  nearly  1000  feet  before  the  underlying  firm  beds  appear  in  the 
beach  further  north.  This  is  probably  the  equivalent  of  the  sand- 
rock  at  Cariboo  Point,  but  may  be  another  stratum.  It  is  very 
frail  and  although  sometimes  a  little  slaty  it  will  etusily  fall  to 
pieces  if  taken  in  the  hand. 

195.  Is  a  firm  but  porous  amygdaloid,  the  pores  and  seams  some- 
times being  quartz-filled,  and  iron  coated.  From  the  north  side  of 
the  first  little  creek  in  Good  Harbor  Bay,  underlying  No.  194,  but 
not  immediately.  Very  soon  the  shore  becomes  rocky  with 
a  brown,  rough  rock,  irregularly  jointed  and  compact,  appear- 
ing like  that  at  Two  Harbor  Bay.  This  soon  becomes  irregu- 
larly mixed  with  the  usual  doleryte  which  extends  to  the  second 
little  creek,  where  there  is  a  short  pebbly  beach.  The  same  rocks 
soon  return.  The  shore  is  rocky  nearly  all  the  way  then  to  the 
point  that  encloses  the  bay  in  which  Fall  river  empties. 

196.  From  the  rocky  island  off  the  point  that  encloses  Good 
Harbor  bay:  a  doleryte  containing  stilbite;  similar  to,  and  in  the 
line  of  bearing  of  No.  193. 
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197.  A  reddish  brown  rock,  closely  jointed,  and  also  breaking 
sharply  with  a  conchoidal  fracture;  very  rough  exteriorly,  i.  e. 
with  sharp  projecting  angles  that  tear  the  boots,  but  not  porous  or 
open;  forms  the  point  and  coast  line  first  east  of  Good  Harbor  bay, 
east  of  No.  195. 

198.  After  passing  a  little  point  and  a  bay  facing  east,  a  green- 
weathering  rock,  finely  jointed,  and  having  an  interior  brown 
color,  appears  along  the  shore,  and  finally  shows  a  basaltic  struc- 
ture and  coarser  grain  near  Fall  river,  where  it  stands  out  in  the 
beach,  and  was  illustrated  in  Norwood^s  report.  Samples  are  from 
the  basaltic  parts.  At  some  places  the  rock  along  here,  west  of 
Fall  river,  is  slaty,  and  has  a  green  color.  Rock  No.  198  extends 
to  Grand  Marais,  generally  showing  its  basaltic  columns ;  but 
along  the  beach  at  one  point  having  an  amygdaloidal  red  rock  be- 
low it. 

199.  The  same  as  No.  198  ;  from  the  basalt  at  Grand  Marais, 
Contains  plagioclase,  diallage,  magnetite,  haematite,  ferrite,  apa- 
tite. 

200.  Samples  of  copper-bearing  green-stone  (gabbro),  from  N. 
W.  i.  Sec.  24,  T.  61,  R.  1  W.,  up  Fall  river.  This  heavy-bedded 
rock  has  slickensided  seams,  or  thin  filling  between  hiyers.  These 
seams  contain  much  chloritic  mineral  (delessite  ?),  some  layers  of 
it  being  ^  inch  thick,  with  stilbite  closely  mixed  with  it,  and  also 
small  quantities  of  calcite  ;  the  copper  occurring  in  the  massive, 
hard  greenstone,  or  doleryte,  in  the  form  of  thin  spangling  sheets 
once  or  twice  the  thickness  of  paper,  or  even  J  inch  thick.  The 
sheets  sometimes  embrace  three  or  four  square  inches  in  area. 
This  location  was  wrought  by  Johnson  &  Maguire  in  the  summer 
of  1876,  and  the  face  of  the  rock  shows  perpendicularly  about  18 
feet.     It  probably  exists  as  a  dyke. 

200  A.  Concretionary  masses  within  No.  200,  apparently  hav- 
ing a  large  amount  of  diallage  (?)  with  olivine,  orthoclase  and  a 
white  radiated  zeolite,  like  prelinite.  These  concretions  are  per- 
haps produced  by  the  inclusion  of  fragments  of  No.  201  in  No. 
200,  when  the  latter  was  in  a  fluid  state. 

201.  This,  which  is  cut  by  No.  200,  is  the  palisade  rock,  but 
has  fewer  of  the  translucent  crystals  of  adularia  than  the  Pali- 
sades themselves.  It  is  properly  styled  a  porphyritic,  orthoclastic 
felsit^.     It  is  from  the  mine  on  Fall  river. 

202.  Green,  coarse  doleryte,  round  the  east  point  of  Grand 
Marais;  a  low  exposure  in  the  coast  line;  with  concretions  or  in- 
clusions of  a  finer  grain.     This  terminates  rather  abruptly  on  the 
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-east,  somewhat  like  a  dyke  when  in  contact  with  No.  203;  but  it 
is  not  basaltic,  nor  is  the  contact  abrupf.  Number  202  and  203 
change  colors  gradually,  and  in  fragments  are  mixed  through  a 
breccia  of  three  or  four  feet  wide. 

203.  Resembles  No.  201,  and  is  much  like  the  Palisade  rock. 
It  furnishes  pebbles  for  the  beach  •  which  are  strewn  all  along, 
making  the  beaches  at  Grand  Marais.  Dips  5  to  15  degrees 
toward  the  lake,  or  by  the  coincidence  of  the  coast  line  it  appears 
sometimes  nearly  horizontal.  Sometimes  it  resembles  the  siliceous  ^ 
gray  slates  of  Beaver  Bay,  No.  127.  (v.  528).  Under  the  micro- 
scope in  a  thin  section  this  rock  proves  to  be  an  orthoclastic  red 
felsite.  There  are  mono-clinic  crystals  of  orthoclase  in  a  trans- 
lucent material,  as  well  as  sometimes  large  areas  of  orthoclase 
which  show  a  uniform  clearage  and  direction,  as  if  belonging  to 
one  crystal  in  the  general  felsitic  mass;  but  in  general  the  felsitic 
mass  is  clouded  simply  by  ferrite,  and  not  distinctly  crystallized; 
or  in  the  thinner  portions  of  the  section  it  is  porphyritic  with 
sections  of  fine  tabular  crystals.  These  very  generally  darken 
when  about  parallel  with  either  spider  line,  but  not  always. 

203.  A.     From  a  vein  of  laumontite  in  No.  203. 

204  ) 

Q^^*  f  Transition   rocks  in  the  order  numbered,  between   Nos. 

^^^'  f  202  and  203. 

207.  A  doleryte  like  No.  202  which  suddenly  comes  in  crossing 
the  beds  of  No.  203,  forming  a  little  point  in  the  coast.  This  dyke 
is  about  200  feet  wide,  and  gives  place  to  the  beds  of  203  again  on 
the  east. 

These  run  perhaps  500  feet  when  another  similar  dyke  crosses 
them.  There  are  six  such  within  a  mile  along  here,  and  some  are 
basaltiform  obliquely.     They  run  E.  15®  S. 

208.  This  rock  occurs  much  like  a  dyke  at  first  with  perpen- 
dicular jointage,  or  basaltic  structure  in  beds,  but  soon  larger 
bedding  crossing  these,  cut  it,  and  cause  the  rock  to  all  appear 
bedded.  This  is  fine-grained  and  brown,  and  is  about  25  rods  from 
the  last  of  the  dykes  already  mentioned.  This  becomes  a  bedded 
rock,  like  similar  beds  seen  before,  having  sometimes  the  appear- 
ance of  the  Two  Harbor  rock.  It  slopes  toward  the  water.  Just 
beyond  the  mouth  of  the  third  little  creek  (on  the  Lake  Survey 
Chart)  these  beds  become  disturbed  and  brecciated  and  even  tipped 
in  the  other  direction  (S.  W.)  and  are  crossed  by  a  dyke  of  doleryte 
like  No.  207,  about  18  feet  wide.  Previous  to  this  (further  west) 
they  show  patches  amygdaloidal;  but  just  on  the  east  of  this  dyke 
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there  is  much  amygdaloid  with  laumontite.  Just  before  reaching  the 
mouth  of  the  fourth. creek  another  dyke  like  207  crosses  these  bed* 
running  in  the  same  direction  as  those  before  seen,  and  throwing^ 
up  the  firm  heavy  beds  of  No.  208  at  a  high  angle.  This  dyke  is 
basaltic  perpendicular  to  these  beds  by  being  cooled  by  them. 
This  last  larger  dyke  is  only  exposed  near  the  water,  and  its  exact 
contact  with  No.  208  is  invisible.     It  is  exposed  about  fifty  feet. 

209.  This  is  from  still  another  similar  dyke  of  doleryte  cutting 
these  beds,  or  interbedded  in  them  :  the  columns  sloping  obliquely 
inland.  This  is  prominent  and  conspiciously  basaltic  perpendicu- 
larly to  the  highly  tilted  beds  of  No.  208.  This  dyke  or  bedded 
trap  rock  runs  nearly  E.  and  W.,  No.  208  dipping  into  the  lake  at 
an  angle  of  about  45^  in  patches  perhaps  20  rods,  becoming  less 
conspicuous  toward  the  east,  and  at  last  disappears  a  few  rods  west 
of  the  mouth  of  the  Devil's  Track  river  under  a  low,  red,  pebbly 
beach,  the  pebbles  being  from  No.  203,  which  here  appears  again. 
This  beach  continues  for  a  mile  or  more,  occasionally  allowing  the 
exposure  of  the  rock  in  place,  to  the  S.  E.  comer  of  Sec.  8,  T.  61, 
R.  2,  E.,  where  appears  in  the  midst  of  the  shingle  of  the  beach  a 
different  rock,  viz: 

210.  This  is  in  a  low  exposure.  It  is  a  firm,  smooth-weather- 
ing rock,  with  a  brown  color  and  has  an  abundant  green  mineral; 
apparently  one  of  the  igneous  beds. 

211.  Is  from  the  same  beds  as  No.  210,  but  from  the  point  next 
west  of  Kimball's  creek,  known  as  Cow's  Tongue  Point.  These 
beds  here  rise  about  18  feet,  shutting  in  a  bay  that  faces  east. 
This  point  is  on  S.  E.  J,  Sec.  9,  and  the  coast  is  rocky,  with  the 
same  rock  from  No.  210  to  this  place. 

212.  After  a  short  red-pebbly  beach,  in  this  bay,  this  number 
appears  in  low  outcrop,  and  is  the  same  redrock  as  No.  203,  show- 
ing here  neiirly  a  horizontal  bedding,  running  below  No.  211. 

.213.  From  the  extremity  of  Fish-hook  Point,  near  the  center  of 
Sec.  16,  T.  61,  R.  3  E.,  eleven  miles  from  Grand  Marais. 

314.  Similar  to  No.  213.  From  Sec.  1,  T.  61,  R.  2  E.,  at  the 
mouth  of  a  little  creek,  west  of  No.  213. 

315.  Half  a  mile  west  of  Fish-hook  Point.  These  three  num- 
bers (213.  214,  215)  all  appear  to  be  modified  forms  of  No.  203. 
Fish-hook  Point  was  formerly  an  island,  but  the  lake  has  formed 
a  continuous  beach  deposit  running  north,  and  enclosing  triangu- 
larly a  lagoon,  as  well  as  toward  the  S.  W.  The  rock  here  resem- 
bles the  rock  No.  212  in  mineral  composition  and  aspect,  and  is 
probably  closely  associated  with  it,  but  its  structure  is  different. 


STATE  GEOLOGIST.  55 

It  is  fissile,  but  generally  only  horizontally  so,  or  with  an  oblique- 
ness to  the  real  bedding,  which  dips  gently  toward  the  lake.  It  is 
firm  aojainst  the  hammer  and  against  the  weather,  but  is  filled 
with  old  cracks  and  joints  that  make  it  almost  impossible  to  get  a 
fresh  break.  It  has  a  red  color  outwardly,  like  the  rest  near  the 
water,  except  in  the  joints,  which  are  blue-black  with  iron-shot 
(as  Norwood  describes  such);  but  away  from  constant  wave-action 
it  is  black.  It  is  finely  porphyritic,  with  stellar  spangles  of  felds- 
par, and  with  isolated  crystals  which  weather  nearly  white. 

214.  Is  of  similar  rock,  but  more  firm  and  crystalline,  weather- 
ing red,  and  having  some  white  amygdules.  This  has  a  low,  in- 
conspicuous outcrop,  like  others  of  No.  203,  running  along  two  or 
three  hundred  feet  and  dipping  a  little  south  of  east.  Number 
215  is  from  a  little  point  within  the  broad  bay,  nearly  on  the  west 
side  of  the  same  section,  where  it  rises  about  6  feet,  and,  running 
along  the  beach  three  or  four  hundred  feet,  weathers  red,  like  the 
rest,  furnishing  some  of  the  l^each  pebbles  of  that  color.  In  the 
lake  opposite  Nos.  214  and  215  can  be  seen  a  basaltic  rock  offshore, 
which  does  not  appear  on  the  beach  and  may  be  the  extension  of 
Nos.  210  and  211  forming  Cow's  Tongue  Point. 

216.  Is  a  greenish-brown  rock  with  curling  internal  structure, 
containing  quai'tz  and  amethystine  nests,  from  the  westerly  of  the 
two  little  points  west  of  Bruk  river,  and  before  reaching  either 
island,  where  a  little  stream  enters  the  lake.  It  is  a  short  outcrop 
rising  about  5  feet  in  the  midst  of  a  red  beach.  This  is  an  igneous 
rock:  and  the  next  point  is  of  the  same,  also  the  little  island  off  it, 
which  is  in  the  line  of  bearing. 

217.  In  the  midst  of  a  red  beach,  extending  from  the  last  point, 
is  an  occasional  exposure  of  this  red  rock,  which  within  is  brown- 
ish-red, fine-grained,  and  has  the  same  purplish  quartz  (?),  as  noted 
in  No.  216,  in  round  amygdules,  yet  is  plainly  different  from 
No.  216.  It  belongs  to  the  modified  sedimentaries  of  the  kind 
like  the  Good  Harbor  rock.  This  is  a  conspicuous  outcrop  within 
the  bay  between  two  streams.  The  strike  of  the  trap  (No.  216), 
can  be  seen  under  the  water  of  the  bay 

218.  The  rock  of  the  point,  near  the  Brule  river,  off  which  lie 
the  principal  islands.  This  is  a  brown,  conchidally  fracturing  rock, 
fine-grained  or  crypto-crystalline,  with  small  quartz-lined  geodes, 
weathering  rough-angular,  and  black  when  not  under  friction. 
Back  from  the  line  of  friction,  on  the  beach,  old  weathered  surfa- 
ces are  brick-red.     This  is  very  similar  to  No.  217. 

219.  A  little  beyond  the  last  locality,  and  just  as  the  rock  dis- 
5 
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appears  again,  it  suddenly  becomes  slaty  or  closely-jointed  and 
laminated,  dipping  S.  10^  E.,  and  more  enduring.  In  this  condi- 
tion it  forms  some  of  the  islands  near  the  beach,  and  also  rises  50 
or  more  feet  near  the  coast  back  from  the  water.  This  is  fine- 
grained and  nearly  black,  hard  and  tough.  The  rock  of  the  main 
island,  further  out,  containing  a  few  stunted  trees,  is  more  like  No. 
218. 

These  beds  seem  to  have  been  disturbed  by  some  upheaval,  and 
appear  in  all  respects  like  those  of  No.  208,  though  not  so  con- 
spicuously exposed.  The  doleryte  dyke  that  might  here  be  sup- 
posed on  the  north  of  this  disturbance  cannot  be  seen.  The  point 
at  the  north  of  the  little  stream  west  of  the  Brule,  and  the  little 
island  there,  are  of  the  same  rock  as  the  last. 

220.  Between  these  islands  and  the  mouth  of  the  Brule  at  a 
little  dull  point  is  a  bluish-gray  rock,  weathering  green,  fine- 
grained and  hard.  The  outcrop  is  rather  closely  jointed  and  in 
some  spots  it  is  reddish  brown.  This  rises  about  6  feet,  but  only 
runs  5  or  6  rods.  The  beach  to  the  west  of  this  is  mainly  of  a  red 
color,  but  has  blue  pebbles  also  from  this  rock.  At  this  place  the 
blue  and  red  are  about  equally  common,  but  the  red  gradually  dis- 
appear in  going  east.     (V.  539). 

221.  A  short  distance  east  of  the  Brule  (perhaps  20  rods)  is  a 

coarser  rock  resembling  gabbro,  which  is  heavy  and  crystalline. 

This  is  not  certainly  a  dyke,  but  it  may  be,  its  form  and  extent  not 

being  visible.     This  rock  makes  a  fine  thin-section,  sho>ving  coarse 

crystals  of  plagioclase  and  diallage,  with  magnetite.  The  diallage 
frequently  shows  a  fine  siriation  of  four  or  five  belts,  crossing  the 

body  of  a  grain,  generally  near  the  center,  having  color  like  striated 
feldspar.  But  these  strias  are  always  in  a  single  group.  The 
halves  of  the  grain  have  certainly  different  axes  of  elasticity,  dark- 
ening at  different  places;  hence  it  appears  twined  like  plagioclase. 
Similar  striation  appears  in  other  samples  of  rock  containing  dial- 
lage, and  might  be  attributed  to  a  grain  of  plagioclase  lying  under 
and  showing  through. 

222.  The  last  seems  to  overlie,  or  to  pass  into  this.  This  weath- 
ers into  a  green  color,  but  sparkles  all  over  with  what  at  first  ap- 
pears like  mica,  but  in  other  respects  it  is  like  the  last,  becoming 
coarsely  laminated  when  weathered.  A  little  further  east  these 
two  rocks  (221  and  222)  can  be  seen  in  a  bluff  rising  about  15  feet^ 
the  latter  being  under  the  former.  This  rock  continues,  with  in- 
crease of  the  characters  of  No.  221,  and  forms  two  or  three  little 
points  within  a  mile  east  of  the  Brule,  rising  sometimes  15  or  25 


STATE  GEOLOGIST.  5T 

feet.  The  intervening  bays  are  occupied  by  large  rounded  boul- 
ders of  the  same,  with  little  rock  exposure  in  them,  or  they  are 
pebbly. 

223.  The  rock  of  the  last  continues  to  the  high,  round  point  4 
miles  east  of  the  Brule,  and  then  becomes  basaltic  on  the  side 
facing  Sickle  Bay,  rising  about  30  feet  perpendicular  from  the 
water;  the  intervening  coast  being  low,  sometimes  exhibiting  the 
coarse  dark  beds  of  this  rock,  but  not  becoming  basaltic.  (V.  No. 
540). 

224.  Horseshoe  Bay  has  a  similar  basaltic  coavst  line  on  the  west 
side,  rising  about  60  feet.  West  of  it  are  short  stony  beaches,  the 
strike  of  the  exposed  rock  being  a  little  further  back.  Double  Bay, 
next  east  of  Horseshoe  Bay,  has  a  rocky  point,  dividing  it  into  two 
parts,  and  this  rock  is  from  this  point.  The  western  half  of  this 
bay  is  without  rock  on  the  beach,  but  the  hills  back  rise  several 
hundred  feet,  having  the  same  rock  as  the  last.  This  is  a  fine- 
grained, metainorphic,  brown  rock,  which  is  somewhat  basaltic  like 
trap,  and  also  rudely  bedded. 

225.  On  the  most  easterly  point  of  Double  Bay  is  a  crystalline 
rock  which  seems  to  embrace  the  minerals  derived  from  the  sed- 
imentaries  mingled  with  igneous  rock  material,  all  coarsely  crys- 
talline.    (V.  No.  5). 

226.  Is  from  an  isolated  dyke-like  exposure  on  the  beach  in  the 
next  shallow  bay.  It  is  a  brown  or  reddish-brown  compact  rock, 
firmly  prophyritic,  closely  jointed  and  basaltic,  like  No.  203. 

227.  Along  the  west  side  of  the  ridge,  or  spur  (No.  226),  is  a 
narrow  bed  or  dyke  of  fine,  blue-grey  rock,  sparingly  porphyritic 
with  red  feldspar,  lessjenduring  than  the  rock  of  No.  226.  It  is 
nearly  invisible.  It  is  narrow,  and  its  line  of  bearing  becomes 
confused,  or  blends  with  the  rock  of  No.  226,  being  perhaps  a 
modified  form  only  ofJNo.  226,  due  to  difi^erent  influence  in  uj)- 
heaval,  or  to  unseen  contact  with  the  accompanying  igneous  rock. 
This  outcrop  is  between  the  1st  and  2d  creeks  in  this  broad  bay. 

On  the  little  point  between  the  2d  and  3d  creeks  is  a  low  ex- 
posure of  rock  that  resembles  No.  223,  mainly  broken  into  boul- 
ders. Also  a  small  isolated  outcrop  is  just  east  of  the  3d  creek, 
otherwise  this  bay  has  a  pebbly  beach.  But  the  broad  point  that 
separates  it  from  Cannon  Ball  Bay,  (similar  to  Horseshoe  Bay)  has 
a  low,  rocky  beach  of  the  same  rock  as  the  last  mentioned,  viz: 

228.  A  heavy  bedded  coarse-grained  doleryte.  (V.  No.  540). 
The  east  side  of  this  bay  is  made  of  the  same  rock,  also  the  east 
point,  also  the  island  east  of  it;  the  coast  being  rocky  and  low,  or 
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rising  f rQm  six  to  ten  feet,  basaltic.  The  next  island,  and  the  coast 
along,  especially  the  points  of  the  coast,  are  of  the  same.  It  rises 
into  basaltic  coarse  beds  in  a  sharp  point  on  the  west  side  of  Red- 
rock  Bay,  succeeded  suddenly  by  a  red  pebbly  beach  within  the  bay, 
strongly  contrasting  with  the  dark  green  or  black  color  which  it 
suddenly  replaces,  (230). 

229.  Doleryte  like  228;  from  Red-rock  Bay,  west  of  the  red 
rock,  outcropping  in  the  midst  of  a  red  pebbly  beach;  runs  under 
the  E.  Palisades. 

230.  Red  rock  from  Red-rock  Bay.  This  resembles,  or  is  ex- 
actly the  same  as  the  Palisade  rock.  It  is  porphyritic  with  flesh- 
red  feldspar,  and  with  translucent  crystals  that  at  a  glance  appear 
like  quartz,  but  are  seen  to  be  quadrangular  in  section,  sometimes 
square,  and  to  have  a  perfect  cleavage.  The  manner  of  exposure 
is  considerably  like  that  of  No.  226  in  a  little  bay  west  of  this 
]'^lce.  This  rock  has  an  miperfectly  and  finely  ba.^altic  structure, 
i  lie  joints  being  2-4  inches  apart.  The  relations  of  the  doleryte  to 
this  cannot  be  distinctly  seen,  but  that  rock  can  be  seen  to  the 
west  in  the  beach,  and  probal)ly  passes  below  this.  This  is  the  rock 
known  as  the  eastern  Palisades.     (V.  No.  620). 

231.  From  a  dyke  of  basaltic  doleryte  a  short  distance  east  of 
the  mouth  of  tlie  Redrock  creek.  This  dyke  runs  E.  and  W.,  and 
is  horizontally  columnar.  It  cuts  the  rock  of  No.  230,  and  varies 
from  50  to  60  feet  wide.  It  is  a  fine-grained,  blue-black,  and 
weathers  greenish.     It  embraces  patches  of  the  red  rock. 

At  Red  Point,  which  encloses  a  deep  little  bay  facing  east,  and 
which  is  high  and  rocky,  with  No.  230,  another  dyke  of  the  same 
kind  iis  No.  231  crosses  No.  230.  It  is  about  25  feet  wide.  No. 
230  dips  into  the  lake  here  at  an  angle  of  6  to  10  degrees.  It  is 
suddenly  discontinued  in  the  ])iteof  this  bay,  the  bluff  running  in- 
land about  20  feet  high,  the  beach  being  of  red  pebbles.  Just 
east  of  this  bay  are  two  or  three  other  dykes  of  the  same  kind,  and 
several  islands  formed  by  them,  also  some  sharp,  narrow  points. 

232.  The  first  rock  that  appears  in  the  pebbly  beach  east  of  the 
rock  of  Red  Point,  near  a  dyke:  a  brownish-red  metamorphic  com- 
pact rock,  sometimes  with  amygdules  of  a  white  mineral,  coated 
with  green;  apparently  underlies  No.  230;  resembles  some  of  the 
compact  brown  rocks  seen  at  Duluth  and  at  many  intermediate 
points. 

233.  From  a  dyke,  near  No.  232,  21  feet  wide,  horizontally 
columnar,  running  N.  15^  E.  and  projecting  into  the  bay  75  to  90 
feet,  of  a  blue-black  color. 
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234.  From  a  dyke  18  feet  wide  running  E.  and  W.  ''hading'' 
a  little  to  the  south,  cross-columnar,  cotemporary  and  blending 
with  the  dyke  233,  the  structure  of  the  two  running  together;  of 
a  brownish-black  color.  This  rock  is  like  a  melaphyre,  but  No. 
233  is  not. 

235.  A  rock  similar  to  No.  232,  cut  by  the  dykes,  having  a  slaty 
structure  without  any  dykes;  forms  the  beach  next  north  of  the 
dyke  No.  234  which  is  out  in  the  water. 

236.  From  a  dyke  21  feet  wide;  a  fine-grained,  black  basalt, 
running  out  into  the  lake  about  250  feet,  but  often  in  the  form  of 
islands  that  occur  a  little  out  of  line.  The  basaltic  structure  of 
this  is  very  irregular.  In  some  places  it  is  fine  and  in  others  it  is 
coarse;  runs  No.  15®  W.,  being  intersected  by  the  dyke  No.  234, 
apparently  in  the  same  manner  as  No.  233. 

237.  Is  from  a  curious  isolated  mound  of  metamorphic  firm 
rock,  standing  between  the  beach  and  the  lake,  a  short  distance 
east  of  the  dyke  No.  236.  It  is  curvingly  bedded  and  laminated; 
rises  18  feet  and  extends  18  feet  on  the  beach,  shaped  like  a  hay- 
stack. It  has.  a  reddish-brown  color.  Its  manner  of  occurrence  is 
like  that  of  the  rock  No.  226. 

238.  Is  from  a  curving,  slaty  condition  of  the  same  rock,  ris- 
ing 10  feet;  there  is  much  confusion  and  twisting  of  the  shity 
sedimentary  beds,  the  whole  formation  being  broken  up.  Nos. 
237  and  238  continue  east  about  half  a  mile,  and  gradually  become 
more  dense,  or  non-slaty,  yet  fissile  hard,  and  angular,  crossed  by 
several  smaller  dykes  running  E.  and  W.,  or  S.  E.  and  N.  W. 

239.  Shows  the  condition  of  the  same  beds  in  process  of  this 
change.  Here  also  are  slaty  spots,  also  compact  firm  spots,  but  in- 
stead of  red  the  general  color  is  brown,  weathering  faint-red  in  the 
old  joints  when  freshly  separated. 

240.  A  reddish- brown,  fine-grained  rock,  breaking  conchoidally^ 
but  a  further  metamorphic  condition  of  No.  235. 

241.  Still  further  changed,  becoming  black,  and  almost  undis- 
tinguishable  from  fine  basalt. 

242.  Next  appears  a  dyke  about  100  feet  wide,  cutting  these 
beds,  running  nearly  E.  and  W.  This  seems  to  have  spread  large- 
ly, at  least  in  its  efiects,  on  either  side,  and  the  adjoining  rock  ap- 
peal's like  basalt,  but  still  seems  to  be  only  a  changed  condition  of 
No.  235. 

Nos.  232  and  235  and  their  modifications,  run  under  No.  230. 
There  are  spots  in  No.  235  that  appear  like  the  aluminous  mud- 
spots  seen  in  No.  194. 
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The  alternating  phases  of  Nos.  239,  240  and  241  continue,  with 
occasional  dyke^s,  or  overflows  of  rock  like  No.  242  to  Deronda 
Bay,  appearing  like  the  Two  Harbor  rock. 

243.  From  the  west  point  of  Deronda  Bay:  a  fine-grained, 
hard,  nearly  black  homogeneous  rock,  of  doubtful  origin;  probably 
one  of  the  forms  of  the  rock  235,  &c.  It  is  rather  bedded,  but  not 
basaltic,  and  lies  on  an  amygdaloid,  viz: 

244.  A  reddish-brown  amygdaloid,  with  green  amygdules  ir- 
regularly passing  into 

245.  Which  is  of  the  same  color  but  has  nests  of  a  lighter 
mineral,  and  is  mainly  a  non-amygdaloidal  rock.  Just  west  of  the 
west  point  of  Deronda  Bay  is  an  island  of  basalt,  near  the  shore, 
mainly  made  up  of  rock  like  No.  242,  in  .an  arched  position,  the 
waves  having  eaten  under  the  arch  into  the  softer  beds  pi^oducing 
a  natural  bridge.  The  head  of  Deronda  Bay  has  a  pebbly  beach, 
but  the  east  side  is  rocky,  with  a  dyke  that  ^4iades"  to  the  south 
and  is  thirty  feet  wide,  running  nearly  east  and  west,  and  cutting 
rock  like  244  and  245  (or  246  and  247).  there  weathering  out  as 
purgatories,  and  lying  nearly  horizontal. 

246.  About  J  mile  east  of  Deronda  Bay  at  the  mouth  of 
another  little  creek  is  a  bluff  of  rock  made  up  of  Nos.  246  and 
247,  but  running  but  a  short  distance.  Numl)er  246  is  soft  and 
green  with  considerable  procholorite.  (?)  The  lower  ten  feet  of 
this  are  somewhat  amygdaloidal  with  calcite  and  quartz,  coated 
with  green,  but  the  upper  ten  feet  are  massive  or  heavily  bedded, 
but  breaking  easily  into  sheets;   overlies  the  next. 

247.  Amygdaloid;  rock  like  the  last  but  having  a  more  amyg- 
daloidal character. 

246.  A.  Calcite,  saccharoidal  and  flesh-colored  from  246. 
These  beds  dip  S.  about  12  degrees.  East  of  Deronda  Bay  the 
second  little  sharp  point  is  caused  by  rock  like  No.  246  dipping  S. 
rising  10  feet.  The  third  little  point,  which  occurs  after  a  pel)bly 
beach  of  half  a  mile,  is  produced  by  a  wide  doleryte  dyke  running 
E.  10=  S. 

248.  Is  from  this  dyke,  which  has  an  indefinite  width,  at  least 
200  feet.  This  rock  is  porphyritic,  hard  and  massive.  On  the 
north  side  its  contact  is  a  fine  basalt,  and  the  adjoining  rock  is  an 
amygdaloid,  but  only  about  six  feet  of  the  amygdaloid  is  here.  It 
lies  along  the  dyke  as  if  it  belonged  to  it. 

249.  Amygdaloid  adjoining  No.  248. 

250.  The  west  point  enclosing  Grand  Portage  Bay  is  low,  but 
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has  a  rocky  beach  consisting  of  alternate  layers  of  basalt  and 
amygdaloid  rising  but  little  above  the  water. 

251.  Underlying  No.  250;  an  amygdaloid  of  a  greenish  color. 
These  beds  (Nos.  250  and  251)  dip  south  at  a  low  angle  and  do  not 
extend  into  the  bay.  They  apparently  form  the  coast  line  between 
Grand  Portage  Bay  and  Deronda  Bay,  there  being  but  little  out- 
crop with  a  low  shore  between  these  places.  The  west  side  of 
Grand  Portage  Bay  shows  no  rock.  It  is  low,  the  timber  growing 
nearly  down  to  the  water. 

252.  Slate  from  the  west  side  of  the  village  of  Grand  Portage. 
The  outcrop  is  near  the  water  and  along  the  beach,  rising  also 
into  hills  a  short  distance  inland.  It  is  cut  by  a  prominent  dyke 
of  doleryte,  39  feet  wide,  running  E.  15^  S.     Some  of  it  seems  to 

be  suitable  for  roofing,  but  some  is  too  hard  and  brittle.  It  also 
has  septaria  several  feet  wide,  round  which  the  slates  are  dis- 
turbed and  warped.  They  dip  S.  5  degrees.  They  are  not  due  to 
a  superinduced  slaty  clearage,  but  are  caused  by  the  slatiness  of 
the  sedimentation  with  which  they  are  coincident. 

253.  From  the  dyke  above  mentioned,  cutting  the  slates.  The 
high  range  of  hills  that  culminate  in  Mt.  Josephine,  back  of  Grand 
Portage,  seem,  from  the  lake,  to  rise  from  the  point  west  of  the  E. 
Palisades,  where  the  rock  (540)  strikes  inland.  Their  outline  and 
general  character  resemble  the  range  back  of  Double  bay,  further 
west. 

254.  Is  a  quartzose  conglomerate,  firm  and  hard,  with  frag- 
ments of  slate  and  quartz  pebbles,  from  the  N.  W.  side  of  Portage 
Bay  Island.  This  lies  in  large  fallen  pieces  on  the  shore,  the  is- 
land rising  perhaps  80  feet.  These  masses  are  finely  stratified,  and 
even  show  false  bedding ;  a  few  rods  beyond  these  fallen  pieces, 
(E.)  this  conglomerate  is  in  place,  dipping  S.  10®  E.,  at  an  angle 
of  8  or  10  degrees.  It  shows  at  least  20  feet,  and  is  cut  by  a  dyke 
nine  feet  wide,  which  is  apparently  connected  with  the  trap  (?), 
No.  255,  that  there  lies  on  the  conglomerate,  and  which  may  have 
come  from  overflow  from  this  dyke. 

255.  This  overflow  comes  down  to  the  water  at  once  and  hides 
the  conglomerate,  and  rises  perpendicular  about  12  feet.  It  weath- 
ers very  rough  and  open-angular,  from  containing  fragments,  ap- 
parently, of  rock  from  contiguous  formations,  that  were  not  wholly 
molten. 

256.  Sandstone  ;  of  even  grain  and  bedding,  lying  between 
layers  of  trap-rock  immediately  over  No.  255. 

257.  Gray,  thinly-bedded,  hard,  quartzyte,  styled  siliceo-argiU 
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laceous  shale,  by  Norwood ;  at  a  short  distance  having  the  aspect 
of  a  bedded  slate,  probably  belonging  to  the  slate  formation  of  No. 
252;  from  the  west  side  of  Hat  Point,  near  the  extremity,  over- 
lain by  the  next.  On  the  east  side  of  the  point  can  be  seen  nu- 
merous dykes  cutting  this  rock,  which  probably  has  a  thickness  of 
500  feet. 

258.  Basaltic  trap-rock,  overlying  No.  257,  and  rising  at  least 
150  feet;  finally  culminating  in  the  summit  of  Mt.  Josephine  fur- 
ther north. 

259.  From  layers  underlying  No.  258,  on  the  east  side  of  Hat 
Point;  lower  in  the  strata  than  No.  257,  but  conformable  with 
them  apparently,  and  forming  a  part  of  the  same  terrane;  a  gray 
quartzyte,  or  hardened  sandstone,  with  rounded,  apparently  con- 
cretionary spots  (J  to  ^  inch  in  diameter),  of  a  reddish  color;  dark- 
ened by  organic  matter  (?).     Compare  No.  270. 

260.  Near  the  head  of  Wauswaugoning  Bay  a  dyke  runs  S. 
45®  W.,  and  forms,  for  a  short  distance,  the  shore-line,  contain- 
ing a  calcite  vein  in  the  center,  about  4  inches  wide.  This  is  about 
20  inches  wide,  but  it  so  affects  the  rock  which  it  cuts  that  it  also 
becomes  closely  jointed,  and  almost  columnar.  The  width  of  the 
dyke  cannot  be  certainly  determined,  as  another  large  ridge  com- 
ing from  the  N.  E.,  at  an  angle  near  oblique  to  the  coast  unites 
with  it  at  its  western  end.  Near  this  point  another  calcite  vein, 
five  to  eight  inches  wide,  crosses  the  former  in  a  direction  nearly 
E.  and  W.  Embraced  in  the  calcite  are  small  lumps,  and  almost 
perfect  rhombohedrons  of  haematite.  Samples  are  from  the  dyke 
running  S.  4^  W.  The  rock  (No.  257)  cut  by  this  dyke  dips  S. 
at  an  angle  of  about  15  degrees,  and  is  rather  more  like  a  quartzyte 
than  in  some  other  places.  A  patch  of  this  is  included  between 
these  dykes  that  intersect  each  other,  forming  a  triangle.  The 
long  side  of  the  triangle  is  formed  by  a  dyke  running  along  the 
shore,  rising  from  two  to  eighteen  feet,  but  continuing  further 
east  for  at  least  J  mile,  horizontally  columnar.  The  other  sides 
are  made  by  N.  E.  and  N.  W.  dykes  that  vmite  a  short  distance 
inland.  The  first  shifts  its  course  a  little  east  of  a  short  pebbly 
beach,  and  also  sends  oft*  an  oblique  spur  which  runs  nearly  south 
into  the  bay.  In  connection  with  this  the  slate  also  reappears, 
dipping  about  into  the  bay — though  slate  is  hardly  the  word  to 
apply  to  this  rock.  It  is  in  some  of  its  layers  a  pinkish  quartzyte, 
but  the  greater  part  is  black,  or  gray-black,  sometimes  with  a 
shade  of  blue.  It  is  more  aluminous  in  its  dark  parts,  and  is  fissile 
also,  but  its  fissile  parts  are  so  strongly  protected  by  the  firm  and 
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quartzose  beds,  which  are  closely  jointed,  and  often  with  beautiful 
symmetry,  that  they  do  not  weather  out  much  more  easily  than 
the  rest.  Sometimes  a  layer,  however,  separates  from  that  below 
it,  over  a  space  of  'a  few  square  feet,  and  the  argillaceous  parts 
thus  exposed  become  finely,  conchoidally  jointed,  and  might  be 
styled  botryoidal,  like  some  decaying  shale  beds. 

'261.  The  hill  on  the  N.  E.  J  Sec.  25,  T.  64,  R.  7,  E,  rises  by 
aneroid  520  feet  above  the  lake.  [The  Mt.  Josephine  ridge  rises 
much  higher,  sweeping,  in  one  of  its  spurs,  toward  the  [northeast 
past  the  head  of  the  Wauswaugoning  Bay  to  this  point.  It  is  at 
the  summit  made  of  the  rock  of  this  number,  which  is  a  doleryte 
like  No.  260,  of  a  slightly  greenish  tint.  This  fairly  represents 
the  rock  of  all  these  hills  to  Grand  Portage. 

262.  Below  No.  161  can  be  seen  slaty  red  quartzyte  beds  with 
slate,  in  the  southern  slope  of  the  hill,  dipping  toward  the  north, 
or  into  the  hill,  at  a  low  angle.  The  hill  is  largely  made  up  of 
this  kind  of  rock.  Another  smaller  dyke,  running  E.  &  W.  rises 
into  a  low  hill  on  the  south  side  of  the  main  hill,  and  cuts  the 
same  quartzyte,  which  here  is  more  nearly  horizontal,  yet  dips 
some  in  the  same  direction. 

263.  Is  from  im  overflow  of  igneous  rock,  rising  irreg- 
ularly, basaltic  perpendicularly,  that  forms  the  straight  high  coast 
that  makes  a  sharp  angle  in  Wauswaugoning  Bay.  It  is  a  mag- 
netited  doleryte.  While  it  is  basaltic  on  the  N.  W.  side,  it  is  bed- 
ded and  dips  to  the  S.  E.  in  following  it  toward  Birch  Island, 
This  is  on  N.  E.  \  Sec.  30,  T.  64,  R.  6  E.  It  finally  becomes  over- 
lain by  layers  of  quartzyte — which  layers  are  curved  and  twisted 
as  if  by  heat  from  below.  They  could  not  have  been  deposited  as 
a  sediment  on  No.  263  when  the  latter  was  cold,  but  must  have 
been  previously  deposited  and  then  disturbed  by  an  injection  of  the 
niolton  rock  under  them.  Angular  pieces  of  the  quartzyte  are  en- 
closed in  No.  263,  changing  the  weathering  color  and  the  composi- 
tion in  spots,  reminding  one  of  the  "  red  rock"  embraced  in  the 
''  Rice  Point  Granite  "  at  Duluth. 

264.  These  samples  show  this  enclosure  of  quartzyte,  and  also 
changed  quartzyte;  from  the  coast  due  N.  (by  compass) from  Birch 
Island.  In  some  spots  are  specks  resembling  graphite,  with  a  few 
specks  of  pyrite. 

265.  Is  from  the  upper  part  of  No.  263,  where  in  contact  with 
the  quartzyte.  The  quartzyte  is  slaty.  No.  265  is  geodic  with 
fine  crystals  of  quartz  (?)  surrounded  by  graphite  or  mingled  with 
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it,  ^ome  of  this  soft  mineral  is  light-colored,  with  reflecting  sur- 
faces, like  talc). 

Birch  Island  is  caused  by  four  hardened  belts  in  the  quartzyte 
and  slates,  from  5  to  10  feet  wide,  which  run  E.  and  W.  making 
the  slates  darker  and  in  spots  basaltic,  and  yet  showing  in  other 
spots  their  bedded  slatiness.  These  belts  resemble  dykes  of  igne- 
ous rock;  and  they  run  as  a  reef  almost  to  the  shore  northwardly. 
The  point  east  of  Birch  Island  is  mainly  made  of  red  quartzyte, 
which  rises  here  about  35  feet  above  the  lake,  but  yet  dips  south 
into  the  lake  at  an  angle  of  about  8  degrees.  It  breaks  off  in 
steps,  back  from  the  shore,  from  ten  to  fifteen  feet  high,  and  some 
of  it  rapidly  breaks  up  into  blocks  of  a  few  inches.  This  is  espec- 
ially the  case  where  the  hardened  belts  (or  dykes?)  from  Birch  Is- 
land cross  the  point. 

865.  B.  Samples  of  this  quartzyte,  showing  also  glaciation  (?) 
in  curving  fractures  over  the  surface,  like  that  described  on  the 
Rock  county  quartzyte.  But  these  curves  present  their  concavities 
toward  the  S.  W.  and  their  convexities  N.  E.,  requiring,  under  the 
theory  of  their  glaciation  applied  to  Rock  county,  a  movement  of 
ice  toward  the  N.  E.  These  curved  fractures  have  penetrated 
several  inches — some  of  the  larger  ones — though  this  may  be  due 
to  the  continuation  of  the  checks  begun  by  glaciation,  by  weather- 
ing and  frost  since  the  glacial  epoch.  The  formation  is  in  most 
respects  very  similar  to  the  Rock  county  quartzyte.  But  in  some 
places  it  is  conspicuously  basaltic,  and  often  contains  crystalline 
grains  resembling  flesh-red  feldspar,  as  well  as  darker  grains. 

275.  A.  Samples  from  the  darker  and  firmer  parts  (jis  at  Birch 
Island),  that  appear  like  dykes. 

The  coast  line  for  a  mile  east  of  Birch  Island  is  formed  by  the 
same  quartzyte,  crossed  by  several  dykes.  They  cut  the  quartzyte, 
running  E.  and  W.  or  very  nearly  so.  One  which  is  about  25  feet 
wide  has  a  narrow  calcite  center,  2-4  inches,  and  some  pyrite.  This 
sometimes  becomes  two  or  three  veins. 

266.  From  a  dyke-rock  containing  scattered  pyrite. 

267.  Basaltic  rock  from  the  main  vein,  containing  a  calcite 
center,  and  which  is  about  25  feet  wide. 

267.  A.     Calcite  and  ore  from  No.  267. 

268.  Blackened  quartzyte,  with  red  (hsematitic)  specks;  from 
near  the  dyke  No.  267.  This  is  of  a  dark  color,  but  represents  the 
prevailing  color. 

269.  From  Island  No.  2,  being  the  easterly  of  the  first  two  is- 
lands near  the  coast;  a  porphyritic  doleryte,  the  larger  crystals  be- 
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ing  of  a  triclinic  feldspar.  The  whole  rock  is  gray,  and  has  small 
grains  of  pyrite.  The  whole  island  is  formed  by  a  dyke  of  No.  269, 
flanked  by  a  little  quartzyte  and  slate  near  the  water.  The  dyke 
is  about  50  feet  wide,  and  the  island  is  not  much  more. 

270.  Graphitic  rock;  Pigeon  Point,  S.  W.  ^  Sec.  32,  nearly  on 
the  axis  of  Pigeon  Point.  This  rock  is  charged  with  graphite,  in 
the  form  of  nodules  from  the  size  of  a  pin-head  to  ^  or  |  inch  in 
size.  Some  pieces  are  two  or  three  inches  across,  and  in  the  work- 
ing for  silver  in  a  shaft  some  were  found  more  than  a  foot  in  di- 
ameter. The  rock  also  contains  some  native  copper  and  pyrite. 
It  embraces  irregularly  angular  patches  of  quartzyte,  and  over  the 
exposed  surface  are  patches  very  rich  in  graphite.  There  is  but 
little  soil.  The  rock  is  chipped,  and  lenticularly  and  roughly 
jointed,  or  laminated.  It  is  stained  outwardly  with  iron  rust. 
This  is  plainly  a  metamorphic  rock.  It  can  be  traced  two  or  three 
miles  east  and  west.  The  graphite,  while  occurring  more  or  less 
in  the  rock  on  either  side,  yet  is  found  most  abundantly  in  veins 
and  joints  in  this  quartzyte,  over  a  belt  20  to  40  feet  wide.  (See 
No.  552). 

271.  Finely  graphitic  quartzyte;  from  the  same  place  as  the  last. 

272.  From  the  vein  on  S.  W.  J  Sec.  32.  This  vein  is  supposed 
by  the  parties  owning  it  to  be  a  branch  from  that  wrought  on  the 
trail  to  Parkerville.  No  working  has  been  done  on  it,  but  the 
croppings  show  heavy  spar,  carbonate  of  copper,  find  amethystine 
quartz,  the  bulk  being  heavy  spar.     Runs  N.  20  deg.  W. 

Crossing  the  graphite  belt  nearly  north  and  south  is  a  wide  vein 
near  the  trail  to  Parkerville,  of  calcite  and  quartz,  the  latter  some- 
times being  amethystine.  This  was  wrought  in  1874,  by  A.  A. 
Parker,  at  points  not  far  from  the  south  shore  of  Pigeon  Point, 
but  without  encouraging  results,  although  the  tests  made  were  not 
sufficient  to  prove  the  vein.     (See  Report  for  1878,  p.  15.) 

273.  S.  W.  i  Sec.  32.  From  a  dyke  running  N.  60^  E.,  crossed 
bv  the  vein  No.  272. 

About  an  equal  distance  east  of  the  main  N.  and  S.  vein 
(wrought  by  Parker)  is  another  vein  about  8  inches  wide,  seen 
near  the  water  level,  which  widens  out  toward  the  north,  involved 
with  much  quartzyte,  and  extends,  presumably,  under  the  watarto 
the  south  side  of  Susie  Island,  where  other  working  has  been 
done. 

The  rock,  generally,  of  the  region,  appears  to  be  quartzyte,  but 
it  is  crossed  by  numerous  dykes,  generally  E.  and  W.,  which  tilt 
and  modify  it,  rendering  it  nearly  black  in  some  places,  and  also 
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give  it  a  basaltic  form.  The  mining  locations  are  on  veins  nin- 
ning  nearly  N.  and  S.,  following  joints  and  other  openings  in  the 
quartzyte. 

274.  Coarsely  porphyritic  form  of  the  igneous  rock  of  the  coun- 
try; from  near  the  trail  to  Parkerville,  about  |  mile  north  of  the 
lake  shore.  This  rises  in  a  low  hill,  and  superficially  disintegrates 
into  gravel  under  the  weather.  This  is  just  north  of  the  point 
where  the  trail  runs  over  a  stony  beach,  which  by  aneroid  is  52 
feet  above  Lake  Superior. 

The  large  central  vein  mentioned  as  occurring  on  the  south 
shore  of  Pigeon  Point,  formerly  wrought,  can  be  traced  to  the 
valley  of  Pigeon  river,  where  it  appears  in  a  high  bluff  back  of 
Parkerville.  It  is  here  about  six  or  eight  feet  wide,  and  has 
quartzyte  on  the  west  side,  and  a  rock  similar  to  No.  274  on  the 
other.  It  here  contains  considerable  barite.  It  seens  to  extend 
beyond  into  Canada,  to  the  first  range  of  hills. 

The  slates  and  quartzytes  at  Pigeon  River  Falls  dip  south  at  an 
angle  of  15  degrees.  The  falls  come  down  in  a  direction  S.  E. 
over  a  dyke  running  N.  50®  E.  A  short  distance  below  the  falls 
another  dyke  crosses  the  gorge,  running  nearly  E.  and  W.  (E.  10® 
N.)  The  falls  have  cut  the  former  dyke  more  than  half  its  width, 
and  have  35  feet  left. 

275.  From  the  dyke  at  the  brink  of  Pigeon  Fiver  Falls,  run- 
ning N.  50=^  E. 

276.  From  the  dyke  just  below  the  falls  running  E.  10®  N. 
The  falls  descend  70  feet  purpindicular.  These  two  dykes  seem  to 
converge  toward  the  hill  where  No.  261  was  obtained. 

277.  Porphyritic  basalt,  from  a  small  Island  west  of  Susie  Is- 
land, south  of  the  island  which  furnishes  No.  269.  This  island  is 
caused  by  this  dyke,  but  has  the  countrv  quartzyte  Jon  the  flanks. 
On  the  east  end  and  north  side  it  dips  a  little  east  of  south,  or  as 
the  slates  at  Pigeon  River  Falls.     It  rises  about  25  feet. 

278.  Is  from  the  eiist  end  of  the  long  island  west  of  Susie  Is- 
land, next  south  of  No.  277;  from  the  main  dyke  of  the  island. 
This  island  rises  about  25  feet  and  has  slates  and  quartzytes  on  the 
flanks — at  the  west  end  of  the  island  beautifully  ripple-marked. 
At#  small  dyke  near  the  west  end  of  the  island  the  slates  are 
caused  to  dip  more  rapidly  on  the  west  than  they  do  on  the  east  of 
the  dyke.     This  dyke  is  about  4  feet  wide. 

279.  From  the  dyke  at  the  west  end  of  Susie  Island. 

280.  Rock,  like  No.  269,  and  in  its  bearing:  Forms  the  north 
point  that  encloses  the  long  bay  on  the  east  end  of  Susie  Island, 


STATE  GEOLOGIST.  67 

cutting  the  qnartzitic  slates  that  dip  south  on  each  side.  These 
massive  dykes  have  generally  the  outward  form  of  Roche  mouton- 
ne,  and  near  the  v^ater  occasionally  show  glacial  lines  running  in 
the  direction  of  the  islands. 

281.  From  about  half  a  mile  from  the  east  end  of  Susie  Island, 
on  the  south  shore,  the  supposed  continuation  of  one  of  the 
veins  from  the  main-land  of  Pigeon  Point.  It  shows  heavy  spar 
only  near  the  water,  but  the  vein  itself  is  about  three  feet  wide,* 
the  ore  (bornite  (?)  and  chalcopyrite,  being  distributed  through  the 
dark  rock-mass  of  the  vein,  which  seems  to  be  a  breccia  of  basalt  of 
the  region.  There  are  a  number  of  similar  veins  (four  of  them), 
but  sho^Wng  no  spar,  running  in  the  same  direction  near  this  vein, 
some  of  them  being  as  wide;  and  still  further  east  are  several 
more. 

282.  Prophyritic  gi'eenstone,  from  the  main  dyke  of  the  north 
part  of  Susie  Island.  This  contains  orthoclose  and  plagioclase  as 
well  as  some  quartz  and  hornblende. 

There  is  a  spar  veining  running  E.  and  W.,  or  with  the  direc- 
tion of  the  island,  visible  under  the  water  near  the  shore,  about  J 
mile  west  of  the  vein  numbered  281.  It  is  about  8  inches  wide, 
and  can  be  seen  about  25  feet.  It  pinches  out  toward  the  east, 
and  seems  to  alsn  toward  the  west.  There  are  several  narrow  spar 
veins  crossing  Susie  Island,  and  the  little  island  next  west,  nearly 
at  right  angles. 

283.  From  the  larger  little  island  at  the  west  end  of  Lucille  Is- 
land. This  rock  outwardly  appears  to  be  exactly  the  same  as  the 
last,  but  it  contains  some  pyroxene  and  no  qifartz. 

284.  IVom  the  main  dyke  ( ?)  of  Lucille  Island,  on  the  south 
side.  The  dyke  itself  is  horizontally  basaltic  toward  the  west  end 
of  the  island;  and  a  part  of  the  height  of  the  island  is  caused  by 
a  heavy  overflow,  but  perhaps  not  from  this  dyke.  This  dyke 
*^  hades  "  to  the  south,  and  is  a  coarse  porphyritic  greenstone.  The 
samples  are  from  that  part  that  is  dyke-like.  The  surface  slopes 
toward  the  lake.  In  other  parts  this  island  is  certainly  bedded, 
and  embrjices  parts  of  the  slates,  all  dipping  south;  but  the  slates 
are  nearly  lost  in  fusion. 

Lucille  is  the  highest  of  all  these  islands,  rising  about  100  feet. 
There  is  little  or  no  slate  on  the  outer  islands,  but  more  and  more 
on  those  toward  the  shore, 

285.  Red  rock,  from  the  first  island  N.  W.  of  Belle  Rose  Is- 


*Late  working  on  this  vein  proves  very  promising,  the  vein  itself  becoming  more  de- 
fined, and  wider,  a  few  feet  below  the  siiriace. 
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land.  The  south  side  of  this  island  is  conspicuously  red  with  this, 
rock,  but  the  noirfih  side  appears  of  the  usual  color.  It  is  embraced 
between  two  or  three  narrow  basaltic  dykes.  As  the  dykes  crum- 
ble by  reason  of  their  more  close  jointage,  the  surfaces  of  this  red- 
rock  stand  out  in  yiew.  The  island  next  further  N.  W.  appears 
reddiah  the  same  way  on  the  south  side.  None  are  nred  on  the 
north  side. 

The  island  south  of  Lucille  Island  is  a  bare  rock,  in  form  like 
the  rest  mentioned,  but  has  no  soil,  rising  but  little  above  the 

water, 

286.  Black  basaltic  rock,  from  the  narrow  dyke  adjoining  No- 
285. 

These  islands,  with  perhaps  the  exception  of  Lucille,  are  all 
built  on  the  same  plan.  They  are  igneous  at  the  center,  and  are 
sometimes  associated  with  some  slate  on  the  flanks.  They  are 
sometimes  composed  of  two  or  more  large  dykes,  and  frequently 
show  crossdykes  radiating  from  the  main  line.  The  dykes  are 
shaped  and  distributed  lus  the  slates  broke  on  the  upheaval  of  the 
land-ranges  or  hills,  since  the  slates  always  dip  toward  the  lake* 
These  dykes  have  no  eii'ect  on  the  dip  of  the  slates — with  perhaps 
one  exception,  which  is  visible  on  the  south  side  of  Lucille  Island^ 
near  the  west  extremity,  where  there  seems  such  irregularity  as  ta 
suggest  an  independent  fracture  or  outflow. 

Lucille  Island  consists  mainly,  so  far  as  height  is  concerned,  of 
successive  beds  of  massive  gi'eenstone,  which  in  their  lower  parts 
are  somewhat  slaty,  as  if  the  slates  at  first  were  embraced,  and  they 
all  dip  lakeward,  but-  a  wide  dyke  runs  from  one  end  to  the  other. 
The  islands  are  scantily  wooded,  the  slaty  ones  more  so. 

The  point  that  encloses  Morrison's  Bay  is  a  quartzyte  monoclinal^ 
that  dips  to  the  lake.  The  bay  has  a  pebbly  beach,  but  with  rocky 
outcrops  of  the  same  kind  near  the  bite  of  the  bay,  and  also  on  the 
coast  about  north  from  the  point.  The  last  runs  east  so  as  to  en- 
close Chu'k's  Bay  in  the  same  manner.  The  point,  however,  enclos- 
ing Clark's  Bay  terminates  by  a  dyke  about  20  feet  wide,  which 
runs  also  through  the  islands  off*  this  point.  The  islands  mid  the 
point  have  the  same  structure — an  immense  dyke  that  ''  hades''  to 
the  south.  In  this  dyke  near  the  point  are  two  crooked  cores  of 
calc  and  heavy  spar  carrying  pyrites. 

The  coast  of  Clark's  Bay  is  wholly  rocky,  except  a  short  inverval 
at  the  head  of  the  bay,  and  the  hills  on  the  north  side  rise  perhaps 
125  feet,  composed  of  a  huge  dyke  that  forms,  a})parently,  the  axis 
and  core  of  Pigeon  Point  peninsula.     The  points  enclosing  Clark's 
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and  Morrison's  Bays  are  nothing  but  repetitions  of  the  off-lying 
islands  further  southwest — sudden  outbursts  of  trap  through  fiss- 
ures in  the  quartzyte  causing  scattered  islands,  or  sharp  elevations. 
Back  of  these  two  points  are  traces  of  the  lake-shore  action,  that 
once  actually  made  an  island  of  Clark's  Bay  point,  and  also  ran  far 
inland  back  of  Morrison's  Bay.  The  same  phenomenon  is  repeated 
in  Pigeon  Point  itself.  It  was  formerly  an  island,  and  Pigeon  Bay 
was  connected  with  Wauswaugoning  Bay.  Low  flat  land  now  oc- 
cupies the  intervening  space  as  a  terrace  of  Pigeon  river.  Parker- 
ville  is  on  this  flat  (or  "  cypress  swamp  "),  which  extends  to  Waus- 
waugoning Bay,  being  about  a  mile  and  a  quarter  in  area. 

287.  From  the  big  dyke  (like  No.  274),  the  axis  of  Pigeon 
Point,  near  the  location  of  Baker  &  Kendrid's  barite  vein. 

288.  Fine  green  rock,  from  the  shaft  at  the  barite  vein. 
288.  A.     Calcite,  barite,  &c.,  from  the  shaft.* 

288.  B.     Samples  from  vein  (b)  near  the  shaft. 

289.  The  country  rock,  at  the  barite  vein.     This  is  f  quartz. 

290.  Fair  samples  of  the  quai-tzyte  of  the  region — the  chief 
rock  of  Pigeon  Point  peninsula,  as  exhibited  on  the  south  shore: 
obtained  three  miles  west  of  the  extremity.  This  is  a  dark-red  or 
brownish  quartzyte  becoming  black  near  the  dykes,  and  in  some 
places  having  red  orthoclase  mixed  with  the  quartz  grains. 

Quarter  of  a  mile  east  of  Kindred  &  Baker's  shaft  is  a  dyke  45 
feet  wide  that  runs  south  40"  E.  It  is  unnecessary  to  mention 
and  sample  all  the  dykes,  some  of  which  are  narrow  and  run  in 
different  directions.  A  large  dyke  terminates,  or  runs  under  the 
lake,  with  a  high  hill  at  the  shore,  at  the  point  where  the  section 
line  between  26  and  27  strikes  the  south  shore.  Three  smaller 
dykes  terminate  in  a  similar  way  a  few  rods  west.  Other  points 
are  formed  in  the  same  way.  At  the  canoe  portage  Canada  can  be 
seen'across  the  point,  and  the  point  is  very  narrow.  This  high 
point  is  just  west  of  this  portaoje.  Approaching  the  extremity  of 
the  peninsula,  the  igneous  rock  becomes  more  frequent  in  outcrop, 
by  being  interbedded,  and  by  frequent  branch  dykes.  The  dykes 
rise  like  those  in  the  islands  and  fall  again  soon.  (See  Nos.  604- 
616. 

291.  From  the  extremity  of  Pigeon  Point  Peninsula  (compare 
No.  603),  This  seems  to  be  the  principal  rock  axis  of  the  penin- 
sula, and  probably  in  the  line  of  bearing  of  Nos.  287  and  274. 
This  rock  is  not  evidently  a  dyke  here,  but  a  massively  bedded,  or 

*For  a  brief  account  of  this  location,  and  the  ores  found,  consult  the  Seventh  Annual 
Report,  p.  16. 
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coarsely  jointed  formation  which  extends  west-,  and  soon  rises  over 
50  feet  from  the  water,  and  shows  a  basaltic,  mountain-like  struc- 
ture. It  resembles  the  rock  and  structure  of  Rice  Point,  and  may 
be  parallelized  with  it  in  age,  and  here  is  associated,  as  there,  with 
a  red,  metamorphosed  rock.  Here,  however,  it  is  a  part  of  the 
Animikie  beds,  of  Dr.  T.  Sterry  Hunt,  which  would  therefore 
seem  to  be  only  a  downward  extension  of  the  Cupriferous  Series. 
This  rock  breaks  down  at  the  canoe  portage,  about  a  mile  west  of 
the  extremity  of  the  peninsula,  and  only  a  pebbly  beach  forms  the 
continuation  of  the  land,  which  is  but  few  rods  across. 

292.  The  next  rock,  just  west  of  the  canoe  portage,  on  the  north 
shore  of  the  peninsula,  forms  a  similar  kind  of  coast;  also  is  heav- 
ily jointed  and  bedded  like  No.  201;  but  it  is  red  with  orthoclose. 
The  microscope  reveals  also  hornblende  and  qujirtz;  occasionally, 
also,  is  a  grain  of  a  milk-white,  foliated,  soft  mineral.  This  is  a 
granular  rock,  derived  from  the  fusion  and  crystallization  of  the 
associated  sedimentary  beds.  It  weathers  and  parts  as  if  a  con- 
glomerate near  the  water.  This  rock  continues  but  a  short  dis- 
tance, making  one  blunt  point,  when  the  features  and  color  of  No. 
291  return  again.     (See  the  notes  on  Nos.  604-613). 

293.  From  the  north  shore  of  Pigeon  Point,  about  a  mile  and 
a  half  from  Pigeon  river.  This  forms  the  coast  line,  and  high 
hills,  and  fairly  represen^the  north  shore  of  the  peninsula  from 
the  Point  to  this  place,  ^here  is  no  quartzyte.  Near  this  point 
is  a  high  bluff  of  fine  basalt,  closely  and  irregularly  jointed,  crum- 
bling out  in  small  angular  pieces,  continuing  about  50  feet,  form- 
ing a  round,  broad  point. 

At  about  half  a  mile  from  the  river  the  coast-rock  changes,  be- 
coming quartzyte  and  slate,  dipping  to  the  south.  Just  here,  or 
within  a  rod  or  two,  appears  the  baryte  vein  that  is  shafted  by 
Kindred  and  Baker  on  the  south  side,  but  it  is  in  the  slates  and 
quartzyte.  It  is  about  25  inches  wide.  It  here  runs  E.  25^  S. 
The  mass  of  the  vein  is  baryte,  but  seems  also  to  contain 
calcite,  as  the  baryte  is  porous  and  cavernous,  and  is  sepa- 
rated from  the  walls  hj  solution  of  some  other  minerals.  The 
same  ores  in  small  quantities  are  visible  in  the  veins  and  small  in- 
cluded altered  pieces  of  slate  or  quartzyte,  especially  the  pyrite. 
The  shates  and  quartzyte  continue  to  the  mouth  of  the  river,  but 
there  a  range  of  hills  sets  in  immediately  on  the  south  side,  which 
continues  to  the  south  of  Parkerville,  where  they  consist  of  coarse- 
ly poi-phyritic  rock,  like  the  rock  No.  274.  These  hills  are  wooded 
down  to  the  river.    This  range  dies  out  before  reaching  Wauswau- 
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goning  Bay,  and  to  the  north  runs  a  larger  range  from  which  was 
obtained  No.  261.  West  of  the  last  vein  mentioned,  about  400 
feet,  ^is  a  two  foot  vein  of  calcspar,  near  the  ^outh  of  Pigeon 
river,  running  S.  S.  E,  in  the  traprock  of  the  country.  It  dips 
slightly  to  the  east.  No  working  has  been  done  here.  Superfi- 
cially it  shows  only  calcite,  sometimes  saccharoidal. 

Mayhew's  location,  which  is  about  3  miles  west  of  Cascade  river, 
comprises  a  series  of  veins  in  a  loose  network,  running  in  various 
directions,  varying  from  ^  inch  to  6  inches  in  width.  They  appear 
under  the  water  near  the  shore,  and  show  white,  embraced  in  the 
traprock  of  the  country.  They  contain  calcite,  laumontite,  stilbite 
and  other  minerals.  The  ore  is  what  is  styled  "  gray  copper  ore," 
but  without  the  authority  of  any  analysis  by  the  survey.  It  ap- 
pears like  that  from  the  vein  on  Susie  Island,  south  of  Pigeon 
Point.  The  rock  round  about  is  frequently  veined,  and  parts  with 
red  "  heulanditic  ''  coatings,  so  named  by  Norwood.  It  crumbles, 
on  weathering,  to  a  coarse  gravel,  of  a  dirty  green  color.  It  also 
has  haBmatitic  red  spots  on  the  weathered  surface.  The  main  di- 
rection of  the  net-work  of  veins  is  W.  19"  N.,  having  a  width  of 
about  four  feet.  But  the  lead  that  has  been  wrought  by  shafting 
produced  masses  of  the  ore  from  between  wall  rocks,  indicating  a 
width  of  ore  of  4  inches. 

From  Grand  Portage  to  Sqiuigniaw  Bridge,  along  the  International 

Boundary. 

From  Grand  Portage  Bay  the  portage  trail  follows  the  main 
creek  about  a  mile  and  a  half,  when  it  leaves  the  valley  of  the  creek 
and  continues  more  nearly  in  a  right  line,  but  to  the  east  of  the 
creek.  At  three  miles  on  the  trail  it  crosses  a  creek  which  runs 
northward  into  Pigeon  river  and  is  cut  about  50  feet  into  the  non- 
terraced  deposits  of  the  plain.  The  trail  rises  537  feet  above  the 
lake  at  a  point  half  a  mile  soCith  of  this  crossing,  the  ascent  being 
gradual  all  the  way,  and  nearly  in  a  right  line,  over  a  glacier  de- 
posit that  also  gradually  rises  from  the  flat  on  which  the  church 
stands  at  Grand  Portage.  A  glacier  valley  now  filled  partly  with 
till  extends  thus  northward  from  Grand  Portage,  and  has  by  its 
smooth  upper  contour  determined  the  location  of  the  portage  trail. 
Before  reaching  the  highest  point  there  is  a  level  tract  of  half  a 
mile  of  glacier  clay,  good  land,  once  timbered,  now  burned  over. 
Passing  the  notch  in  the  hill  range,  the  trail  soon  descends  about 

70  feet  to  this  creek,  and  the  main  glacier  plain,  which  is  here  a 
6 
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mile  wide  (No.  5),  and  rises  toward  the  northwest.  The  ice-move- 
ment was  toward  the  east  or  southeast,  sending  a  spur  from  the 
ghicier  through  the  notch  where  the  trail  goes,  that  finally  reached 
Lake  Superior.  The  principal  glacier  plain  is  bounded  on  the  north 
by  another  range  of  hills  resembling  those  along  the  south  side^ 
thus  holding  this  ice-flow  in  a  trough.  This  plain  is  a  fine  tract  of 
clay  land,  suitable  for  all  cultivation  adapted  to  this  latitude.  The 
soil  is  not  strong,  but  mostly  a  fine  clay,  or  a  pebbly  clay.  The 
hill  immediately  south  of  the  creek  crossing  rises,  by  aneroid,  335 
feet  above  the  creek,  and  225  feet  higher  than  the  trail. 

204.  A  globuliferous  weathering  doleryte  (perhaps  a  mela- 
phyre),  from  the  hills  next  north  of  the  glacier  plain  above  de- 
scribed, near  the  point  where  the  ''  Arrow  river  trail ''  crosses  them. 

The  hill  to  the  south  of  the  creek-crossing,  rising  about  355  feet 
above  the  creek,  is  of  igneous  rock,  dark  colored,  weathering  grey, 
consisting  of  plagioclase  and  pyroxene  exactly  like  the  rocks  of 
number  294,  293  and  291,  and  this  rock  seems  to  constitute  the 
whole  of  the  hill,  and  of  the  country  about.  Yet  judging  from 
the  slate  seen  along  the  lake  shore,  forming  the  lower  slopes  of  the 
hills,  the  slate  and  quartzy te  formation  is  tlie  real  rock  of  the  coun- 
try, and  this  igneous  rock  simply  has  been  thrust  through  it. 
Being  more  firm,  and  afterwards  glaciated,  it  has  come  to  be  near- 
ly the  only  rock  visible.  This  is  also  farther  indicated  by  the 
presence  of  much  fragmentary  slate  in  the  drift  clays  of  the  val- 
ley, and  even  of  some  fragments  of  slaty  quartzyte  on  the  upper 
slopes  of  this  hill.  There  are  also  some  gneiss  boulders  on  the 
very  top  of  this  hill. 

This  hill  is  only  one  of  a  short  series  running  about  N.  E.  and 
S.  W.  overlapped  en  echelon  by  others  further  east.  There  is  here 
no  evidence  of  any  extensive  dyke,  or  line  of  fracture  in  the  strat- 
ified rocks  continuous  in  one  direction,  but  rather  of  several  short 
fractures. 

From  the  creek  crossing  above  menti(med  the  trail  ascends 
gradually  over  a  deposit  of  till,  mainly  smooth,  to  the  summit  of 
the  portage,  782  feet  above  Lake  Superior,  and  five  miles  from 
Grand  Portage  village.  This  clay  deposit  was  once  wholly  wooded 
with  pine,  aspen,  birch,  spruce,  tfmiaraek  and  cedar;  but  in  1873 
it  was  devastated  by  fire  accidentally  set  by  an  Indian.  The  hills 
also  were  timbered  but  now  are  charred  and  treeless  as  far  as  the 
eye  can  discern.  Toward  the  northwest,  this  smooth  clayey  drift 
deposit  continues  to  the  summit  near  which  is  a  frequent  stopping- 
place  for  voyageurs.     A  low  cleft,  among  some  trap  rocks,  near 
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the  trail  on  the  right,  furnishes  water  and  a  half  way  stopping 
place.  The  whole  country  here,  however,  is  high  and  clay-covered, 
nearly  on  a  level  with  the  top  of  the  hill  at  the  creek  crosising. 
The  water  found  is  on  a  lower  level,  and  on  the  descent  to  Pigeon 
River.  By  Aneroid,  Pigeon  River  at  the  end  of  the  trail  is  697 
feet  above  Late  Superior. 

There  is  but  little  rock  exposure  on  the  trail,  after  leaving  the 
creek  crossing  mentioned,  and  the  most  of  that  is  near  the  upper 
end  of  the  trail,  or  within  one-half  mile  of  Pigeon  River.  In  one 
place  the  trail  passes  over  a  glaciated  surface  of  rock  No.  294, 
nearly  in  the  line  of  the  range  from  which  294  wiis  taken,  but 
further  north,  but  the  rock  does  not  rise  above  the  trail.  In 
passing  further,  a  few  other  similar  exposures  occur,  but  some  of 
them  ai'e  of  a  harsh  non-igneous  rock,  somewhat  slaty  in  places,  viz: 

295.  Bedded,  of  a  greenish-gray  color,  fine  grain  and  somewhat 
slaty  structure;  near  the  upper  end  of  Grand  Portage  trail;  prob- 
ably from  the  slaty  formation  of  Grand  Portage.  Just  below  the 
portage  landing  Pigeon  River  has  a  little  rapid  and  then  all  the 
way  below  there  is  no  possibility  of  canoeing  till  after  passing 
Pigeon  River  Falls  near  Parkerville.  The  rock  which  first  appears 
near  the  portage  landing  is  No.  295,  dipping  S.  10^  E.  at  an  angle 
of  about  10  degrees.  The  course  of  the  river  here  is  north;  it 
continues  about  a  mile  northwestwardly  (up  stream)  when  a 
portage  of  J  mile  is  made  up  an  ascent  of  67  feet.  This  is  known 
as  Partridge  Portage.  Except  a  strip  of  about  two  miles  on  the 
grand  portage  beginning  at  4f  miles  from  Grand  Portage  village, 
the  whole  country  is  burnt  off.  Immediately  below  the  upper  end 
of  Partridge  Portage  is  a  fall  in  the  river,  nearly  perpendicular,  of 
about  40  feet.  The  rest  of  the  descent  is  in  the  rapids.  The 
brink  of  the  falls  is  of  slate,  ripple-marked,  dipping  S.  about  12 
degrees. 

296.  The  slate  of  the  brink  is  immediately  replaced  in  the 
gorge  by  a  dyke  (296)  which  at  first  is  perpendicularly  jointed; 
but  after  about  75  feet  it  becomes  more  globuliferous-weathering, 
and  crumbling.  These  two  aspects  together  occupy  a  distance 
of  110  paces  down  stream,  and  are  the  axis  of  the  uplift  producing 
the  hill  range.  This  is  supposed  to  be  the  same  hill  range  as  that 
from  which  was  obtained  No.  294.  Below  this  axis  comes  a  rock 
like  No.  295.  This  dyke  No.  296  is  nearly  cut  through  in  the 
recession  of  the  falls,  there  being  but  a  few  joints  of  it  left  stand- 
ing vertical  toward  the  foot  of  the  fall.  These  break  the  fall  of 
the  water.     The  slate  will  probably  endure  the  erosion  better  than 
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the  dyke,  its  position  (dip  up  stream)  affording  greater  protection 
from  the  current.  The  dyke  here  runs  W.  5^  N.  About  25  feet 
below  the  foot  of  the  fall,  a  narrow  vein  of  pyrite  and  calcite 
crosses  the  gorge.  In  high  water  it  is  entirely  covered.  The  per- 
pendicularly jointed  part  of  this  dyke  which  receives  the  impact  of 
the  falling  water  at  present,  has  very  much  the  aspect  of  being  a 
metamorphic  condition  of  the  slates  themselves;  basaltified  by  the 
real  igneous  rock  which  is  seen  to  crumble  with  a  globuliferous 
disintegration. 

Canoeing  about  four  miles  the  ascent  is  about  5  feet,  when  the 
river  becomes  shallow  and  the  canoe  is  dragged  slowly  for  nearly  a 
mile,  the  ascent  being  17  feet,  to  English  Portage,  when  an  as- 
cent of  15  feet  ensues,  the  portage  being  about  J  mile.  At  the 
upper  end,  where  the  rapids  occur,  is  a  low  exposure  of 

297.  Rock  like  No.  296.  Toward  the  S.  W.,  about  a  mile,  is 
visilde  a  hill  rising  about  300  feet  above  the  river.  This  rapid  is  a 
part  of  the  effect  of  this  hill-range.  Another  hill,  on  the  Canadi- 
an side,  is  in  range  N.  E.  from  this,  the  rapids  being  between 
them. 

Above  English  Portage  canoeing  one  mile  gives  an  ascent  of  3 
feet,  when  the  fourth  portage  is  reached.  This  extends  about  | 
of  a  mile,  wnth  an  ascent  of  25  feet.  Adding  for  ascent  to  the 
foot  of  S.  Fowl  portage  (ccUioeing)  2  feet,  and  for  the  ascent  of  S. 
Fowl  Portage  (5th  portage)  to  S.  Fowl  Lake,  102  feet,  the  hight  of 
S.  Fowl  Lake  above  L.  Superior  is  found  to  be  933  feet. 

The  two  portages  below  the  S.  Fowl  portage  afford  no  rock  ex- 
posure. A  hill  range,  however,  can  generally  be  seen  off  south  of 
the  river,  one  or  two  miles  away,  between  the  last  portage  and  S. 
Fowl  Portage.  The  drift  clay  is  everywhere  red.  The  S.  Fowl 
Portage  is  one  mile  long.  A  trap  hill  rises  to  the  hight  of  1,260 
feet  above  Lake  Superior,  just  at  the  landing  place  at  the  head  of 
S.  Fowl  Portage,  near  the  foot  of  S.  Fowl  Lake,  which  is  perpen- 
dicular from  the  lake  shore,  except  a  coarse  and  high  talus.  This 
hill  is  327  feet  high,  by  aneroid,  but  it  is  only  one  of  a  series  of 
hills  running  wTst  25 •  N.,  two  of  which,  about  100  feet  higher 
than  this,  are  on  the  United  States  side  of  the  river,  and  also  near 
the  lake,  but  bearing  away  from  it.  West  from  this  (or  S.  W.)  is 
a  high  and  large  range  of  wooded  hills  running  N.  W. 

298.  Is  the  basaltic  rock  composing  the  top  of  the  hill  at  the 
foot  of  S.  Fowl  Lake.  At  the  foot  of  this  hill,  on  the  west  side  is 
a  coj)ious  talus,  which  also  lies  in  a  shaded  gorge  which  slopes  N. 
and  is  protected  from  the  warm  sun  of  the  summer.     At  the  foot 
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of  this  talus,  where  this  gorge  approaches  the  lake,  near  the  end 
of  the  trail,  is  a  spring  of  ice-cold  water,  which  is  said  to  never 
dry  up,  nor  to  become  warmer.  It  is  probably  fed  by  perpetual 
ice  protected  in  this  gorge  by  the  coarse  fallen  pieces  of  the  talus 
from  the  warmth  of  summer.  The  presence  of  this  perpetual  ice 
is  further  indicated  by  the  rank  mosses  growing  on  the  rocks 
about,  sustained  by  the  condensed  moisture  due  to  the  coolness  of 
the  gorge. 

About  one-third  of  the  hight  of  this  hill  is  composed  of  the 
black  and  quartzyte  slates,  dipping  south  at  an  angle  of  about  8  de- 
grees. This  is  visible  and  most  accessible  on  the  north  face  of  the 
bluflf.  The  rest  above  is  an  igneous  overflow,  in  basaltic  structure 
perpendicular  to  the  slate  beds. 

299.  Fragment  of  the  slate  from  below  No.  298;  ten  feet  below 
contact. 

At  the  outlet  of  S.  Fowl  Lake,  which  is  between  two  blufts  of 
igneous  rock,  the  west  one  being  about  100  ft.  high,  there  is  a 
dyke  of  black  basalt  about  8ft.  wide,  passing  through  the  doleryte 
(298)  running  E.  and  W. 

A  short  distance  above  N.  Fowl  Lake,  is  the  foot  of  the  6th 
portage,  going  over  Canadian  soil,  which,  with  a  piu'tial  unloading 
of  the  canoe  before  reaching  it,  on  account  of  shoal  water,  amounts 
to  about  ^  mile,  and  ascends  48  feet,  to  the  level  of  Moose  Lake, 
985  feet  over  L.  Superior.  Ascent  over  South  and  North  Fowl 
Lakes  perhaps  4  feet.  It  is  noticeable  that  more  land  is  burnt  over 
along  here  on  the  United  States  side  of  the  boundary  than  on  the 
other.  Some  tracts  largely  covered  with  pine  at  first  have  been 
deviistated  on  the  United  States  side,  especially  along  North  Fowl 
Lake  and  Moose  Lake.  The  south  side  of  Moo^^e  Lake  is  formed 
by  slate  hills,  or  a  ridge  of  slate  made  by  the  strike,  the  dip  being 
toward  t]^e  south  or  a  little  west  of  south.  The  country  is  largely 
drift-covered  ;  indeed  has  been  everywhere  glaciated,  but  as  yet  it 
has  been  impossible  to  ascertain,  by  glacial  marks  in  situ,  the 
direction  of  the  movement,  though  it  was  probably  the  direction 
of  the  valleys,  eastwardly  or  south-eastwardly.  The  forms  of  the 
hill-tops,  and  particularly  that  at  the  foot  of  S.  Fowl  Lake,  are 
like  that  seen  in  the  Saw  Teeth  Mountains,  and  generally  along 
the  shore  of  Lake  Superior.  They  slope  gently  toward  Lake  Su- 
perior, but  are  precipitous  or  perpendicular  toward  the  land. 
Hence,  looked  at  obliquely  from  a  distance,  they  occur  in  very  much 
the  successive  outline  as  the  teeth  of  a  saw.  It  seems  as  if  the 
precipitous  sides  facing  the  northwest  are  caused  by  the  action  of 
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glacial  ice  on  the  geological  structure.  If  the  hills  are  entirely  of 
igneous  origin,  and  their  axes  are  deep  dykes  running  to  the  in- 
terior of  the  crust,  then  they  are  bald  and  basaltic  on  that  side  be- 
cause of  the  greater  violence  of  glacial  forces  from  that  direction. 
But  if  the  hills  are  caused  by  overflows  of  igneous  matter,  with  the 
strata  below  dipping  towards  the  lake,  the  saw  teeth  form  has 
been  wrought  out  more  easily  by  the  combination  of  glacial  causes 
with  a  favorable  direction  of  dip,-— which  is  the  case  in  the  bluflfe 
south  of  S.  Fowl  Lake,  and  east  of  N.  Fowl  Lake. 

300.  Coarse,  almost  porphyritic,  igneous  rock.  S.  W.  \  Sec. 
t30,  T.  65,  3  E.,  from  a  hill  composed  partly  of  this  and  partly  of 
slate.  This  hill  rises  485  feet  above  Moose  Lake,  1,470  feet  above 
Lake  Superior,  and  2,070  feet  above  the  ocean,  being  one  of  the 
highest  points  yet  measured  in  the  State.  This  is  but  one  of  a 
series  of  similar  hills,  some  of  which  perhaps  rise  higher. 

West  of  Moose  Lake  is  the  seventh  portage,  on  the  Canada  side 
of  the  boundary,  about  ^  mile  long,  rising  130  feet.  This  trail 
passes  through  a  surveyed  mining  location.  It  goes  over  the  slates 
of  the  country,  though  the  rock  is  oftener  a  gray  quartzyte  than 
a  true  slate.  It  is  interstratified  with  what  appears  like  true  roof- 
ing shite,  and  is  often  black  with  contained  carbon.  It  is  all  apt 
to  be  in  beds  less  than  3  inches  thick,  but  the  grji}"  quartzyte  also 
appeal's  sometimes  in  beds  of  6  or  8  inches  or  a  foot.  The  Pigeon 
river  here  is  verv  insio^nificant. 

Passing  a  small  lake  the  eighth  portage  begins,  which  is  also  on 
Canadian  soil,  and  about  1-6  mile  long,  ascending  15  feet. 

Passing  another  small  lake  the  canoe  route  has  its  ninth  portage 
which  leads  to  Mountain  Lake.  These  two  small  lakes  are  styled 
Twin  Lily  lakes,  named  from  the  abundance  of  Nj/mjyfura  odorafa 
which  spreads  its  leaves  all  over  their  surfaces.  Mountain  Lake  is 
1.150  feet  above  L.  Superior. 

There  is  a  higlit  of  land  on  the  section  line  between  Sees.  21  and 
22.  south  of  the  ''narrows ''  of  Mountain  Lake,  which  rises  353 
feet  above  Mountain  Lake,  or  2,103  feet  above  the  ocean,  being  the 
highest  land  yet  measured  in  the  State.  A  few  rods  further  west 
the  ridge  rises  15  feet  higher,  and  in  the  distance  (S.)  is  a  ridge 
which  is  probably  the  real  ''  Mesabi,''  which  rises  several  hundred 
feet  higher. 

These  hills  are  all  short  mono-clinals  of  gray  quartzyte,  with 
l)eds  of  argillaceous  and  black  slate,  dipping  uniformly  in  a  south- 
erly direction,  and  covered  with  a  greater  or  less  thickness  of  the 
traprock  of  the  country  (like  No.  300),  the  trap  sometimes  being 


STATE  GEOLOGIST.     .  77 

over  one  hundred  feet  thick,  but  generally  less  than  fifty  feet,  and 
often  the  only  rock  seen,  the  lower  beds  being  hid  by  the  copious 
talus.  The  slate  in  some  places  has  a  dip  slightly  S.  W.,  and  the 
inclination  amounts  usually  to  about  8  or  10  degrees.  The  trap 
itself  also  dips  with  the  slate,  so  that  the  hills  have  gradual  slopes 
toward  the  south  and  steep  slopes  toward  the  north,  or  are  perpen- 
dicular— indeed  they  most  fi*equently  are  perpendicular  for  about 
25  feet  from  the  top,  or  even  100  feet,  the  trap  having  a  widely 
basaltic  structure,  which  causes  it  to  fall  away  in  perpendicular 
columns;  the  slate  and  quartzyte  also  have  frequent  perpendicular 
jointage  planes,  which  also  facilitate  the  perpendicular  breaking  of 
these  beds.  The  quartzyte  is  evenly  and  conspicuously  {bedded 
without  any  confusion,  but  alternates  both  gradually  and  suddenly, 
with  the  black  argillaceous  slate.  The  most  of  it,  so  far  as  seen  to 
this  place,  is  gray  quartzyte.  This  quartzyte  must  be  an  immense 
formation,  as  it  is  that  seen  at  Grand  Portage,  and  all  over  Pigeon 
Point  and  the  islands  of  the  point.  Still  it  cannot  be  estimated, 
fairly  from  what  appears  to  this  place  along  the  boundary  line, 
since  that  line  nearly  coincides  with  the  line  of  strike. 

Several  important  questions,  pertaining  to  the  geognosy  of 
this  formation,  arise  in  an  attempt  to  describe  it,  which  must 
for  the  present  remain  unanswered,  but  which  perhaps  future  ex- 
aminations may  solve. 

1st.  Is  this  trap  older  than  the  uplift  of  the  hills,  or  did  it 
come  over  the  country  when  the  uplift  occurred? 

2d.  Are  the  dykes  that  are  seen  crossing  this  trap  (as  at  the 
foot  of  S.  Fowl  Lake)  of  the  same  age  as  the  trap,  or  are  they  sub- 
sequent to  it? 

3d.     How  much  of  the  topography  here  is  due  to  glaciation  ? 

4th,  Do  the  monoclinal  hills  run  under  each  other,  or  are  they 
each  separate  and  isolated  uplifts? 

5th.  Can  these  beds  of  supposed  igneous  rock  be  due  to  a 
change  in  the  sedimentary  rocks  instead  of  igneous  overflow? 

6th.     Why  is  there  an  entire  absence  of  amygdaloid? 

The  portage  from  Mountain  Lake  to  Rove  Lake  descends  3  feet, 
passing  over  a  divide  of  perhaps  20  feet  high  between  the  two 
lakes.  Hence  the  "dividing  ridge"  on  the  boundary  line  is  1170 
feet  above  Lake  Superior,  or  1770  feet  above  the  sea  level. 

301.  Vein  matter  from  Kindred  and  Baker's  shaft  on  the 
White  Rose  vein,  near  Arrow  Lake  in  Canada,  This  is  about  IJ 
miles  north  of  the  east  end  of  the  first  lake  west  of  Mountain  Lake. 
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For  an   account  of  this  location   the  reader  is  referred  to  the 
Seventh  Annual  Report,  p.  17. 

302.    Vein  matter  from   Baker's  shaft  on  the  White  Rose  vein. 

It  seems  a  common  thing  to  see  quartz  veins  near  the  perpen- 
dicular walls  of  the  mono-clinal  hills,  as  if  by  a  series  of  faults 
they  had  been  located  there  on  the  upheaval  and  breaking  of  the 
rock.  They  are  apt  to  be  hid  by  talus  on  the  north  side  of  these 
hills,  but  are  sometimes  seen  standing  by  the  side  of  the  bluflF,  or 
adherent  to  it,  some  distance  above  the  talus. 

Daniel's  Lake  is  28  feet  lower  than  Rove  Lake  or  1119  feet 
above  Lake  Superior.  Some  very  high  hills  of  slate  and  quartzyte^ 
covered  with  the  trap  rock  of  the  country,  are  along  the  south  side 
of  Rove  Lake  running  westward  to  the  south  side  of  Daniel's  Lake. 

The  portage  from  Daniel's  Lake  to  Birch  Lake  (Bearskin  Lake 
on  the  plats,  wrongly  named  by  the  surveyors)  ascends  24  feet; 
from  Birch  Lake  to  the  lake  south  of  Birch  Lake  the  portage 
ascends  7  feet;  thence  to  the  lake  on  section  6,  T.  6i  N.  1  E.  51 
feet,  making  this  lake  1201  feet  above  Lake  Superior;  thence  ta 
Bearskin  Lake,  descent  23  feet;  thence  to  large  lake  N.  E.  J  See. 
9,  T.  61,  1  E,  descent  16  feet,  1162  feet  above  Lake  Superior. 

There  appears  to  be  no  change  in  the  geology  of  the  country^ 
except  that  the  mono-clinal  hills  of  quartzyte  covered  by  trap,  are 
not  so  high  as  along  the  lakes  further  north. 

The  portage  from  the  liist  lake  is  on  S.  W.  \  Sec.  1,  and  descends 
6  feet  to  a  lake  on  S.  W.^J  Sec.  1 ;  thence  a  portage  to  Fanny  Lake 
ascends  14  feet,  making  Fanny  Lake  1170  feet  above  Lake  Super- 
ior. For  an  account  of  mining  operations  on  Lake  Miranda,  by 
Mr.  Wm.  P.  Spalding,  the  reader  is  referred  to  the  Seventh  Annual 
Report,  page  18. 

Lake  Miranda  is  61  feet  higher  than  Lake  Fanny,  and  Pine  Lake 
is  279  feet  lower  than  Lake  Miranda.  The  highest  lake  level  yet 
mccisured  is  Lake  Miranda,  1231  feet  over  Lake  Superior. 

Descent  to  McFarland's  Lake,  via  Pine  river,  1  foot;  McFar- 
land's  Liike  over  Lake  Superior,  951  feet.  John  Lake  is  about  a 
foot  lower  than  McFarland's  Lake.  The  descent  to  S.  Fowl  Lake 
must  ]ye  about  18  feet,  according  to  the  luscertained  level  of  S.  Fowl 
Lake. 

Consult  the  Seventh  Annual  Report  for  an  account  of  McFar- 
land's mining  location,  page  20;  also  of  Johnson's  on  the  S.  E.  ^ 
Sec.  32,  T.  65,  3  E. 

About  4  mile  eiist  of  Johnson's  shaft  is  a  bare  glaciated  surface 
of  trap,  crossed  by  the  trail  from  John  Lake.     The  whole  surface 
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slopes  south,  toward  the  axis  of  the  valley,  and  the  marks  gener- 
ally run  N.  and  S.  and  some  also  E.  of  N.  and  W.  of  S.  There  is 
here  also  a  superficial  checking,  or  chipping  comparable  to  that 
seen  in  Rock  county,  but  less  closely  set.  The  checks  appear  by 
the  shape  of  the  pieces,  that  come  out  after  burning,  as  well  as  by 
the  freshly  uncovered  surface  where  no  fire  has  loosened  them. 
Their  concave  sides  are  generally  toward  the  northwest. 

303.  Apparently  auriferous  quartzy te  from  the  large  quartz  vein 
near  the  south  shore  of  Pine  Lake,  on  S.  E.  J  Sec.  31,  T.  65  N., 
R.  1  E.     (Consult  the  Seventh  Annual  Report,  p  21). 

The  small  lake  at  the  east  end  of  Cariboo  Lake  is  90  feet  higher 
than  Pine  Lake,  and  Cariboo  Lake  is  5  feet  still  higher,  or  1047 
feet  higher  than  Lake  Superior.  Clearwater  Lake  is  1159  feet  over 
Lake  Superior;  thence  to  Mountain  Lake  is  a  descent  of  5  feet^ 
making  Mountain  Lake  again,  after  a  series  of  scattered  aneroid 
observations  since  leaving  it,  1154  feet  above  Lake  Superior — or  4 
feet  higher  than  by  the  former  observation.  This  check  on  Moun- 
tain Lake,  after  an  interval  from  Sept.  7th  to  the  15th,  and  through 
a  line  of  elevations  carried  through  Rove  Lake,  DanieFs  Lake,  Birch 
Lake,  lake  south  of  Birch  Lake,  lake  in  Sec.  6,  T.  641,  Bear-Skin 
Lake,  lake  N.  E.  i  Sec.  9,  T.  64,  1;  lake  S.  W.  i  Sec.  1,  Fanny 
Lake,  Miranda  Lake,  Pine  Lake,  McFarland's  Lake,  Pine  river, 
small  lake  east  end  of  Cariboo  Lake,  Cariboo  Lake,  and  Clearwater 
Lake,  with  intervening  portages  and  various  weather,  is  a  proof  of 
the  usefulness  and  also  the  ccrrectness  of  the  aneroid  observa- 
tions. 

On  the  portage  from  Clearwater  Lake  to  Mountain  Lake  the 
trail  passes  over  an  interval  near  the  summit  of  the  divide  where 
the  quartzyte  dips  N.  W.  Several  short,  low,  sharp  monoclinals 
occur,  crossing  the  trail  diagonally.  They  are  inconspicuous  com- 
pared with  the  mono-clinals  dipping  in  the  other  direction.  The 
high  hill,  however,  facing  on  Mountain  Lake,  just  east  of  where 
the  trail  strikes  it,  dips  in  the  opposite  direction.  Another  point 
where  the  slate  dips  northwardly  may  be  seen  along  the  east  end 
of  Caribo  Lake  on  the  north  side. 

In  making  the  portage  between  Mountain  and  Rove  Lakes  one 
is  struck  with  the  simplicity  of  the  international  boundary  line. 
It  is  the  narrow,  crooked  Indian  trail  running  between  the  lakes^ 
and  the  United  States  land  surveyors  meandered  up  to  it  and  set 
stakes,  the  same  as  to  a  lake  shore. 

Mud  Lake  is  125  feet  below  Rove  Lake.  The  trail,  in  passing 
over  this  portage,  runs  on  the  top  of  a  ridge  which  has  the  appear- 
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ance  of  a  kame,  for  the  distance  of  fifteen  or  twenty  rods.  This 
is  somewhat  nearer  Rove  Lake  than  Mud  Lake.  The  ridge  is  steep 
on  both  sides,  and  over  50  feet  high  in  some  places.  In  others  it 
is  narrow  and  slightly  deflected  from  its  course.  It  runs  rudely 
parallel  with  the  valley  in  which  the  trail  lies. 

While  the  general  explanation,  already  given,  of  the  structure 
of  the  hills  of  this  country  is  correct,  yet  there  are  exceptions  and 
irregularities  throwing  the  dip  out  of  its  southerly  direction. 
Sometimes  the  crust  seems  to  be  faulted  on  both  sides,  or  nearly  all 
sideS;  of  a  hill,  the  trap  rising  basal tically  above  the  talus  nearly 
all  round. 

High  hills  border  Mud  Lake,  especially  on  the  south  and  west 
sides.  The  drainage  from  Duncan's  Lake  into  Mud  Lake,  and 
thence^  to  Arrow  Lake  and  Pigeon  river. 

Rat  Lake  is  6  ft.  higher  than  Mud  Lake,  rh  Rat  Portage ;  and 
South  Lake  is  29  ft.  still  higher,  or  1057  feet  above  Lake  Su- 
perior. The  outlet  of  South  Lake  is  into  Rat  Lake.  North  Lake 
has  the  same  level  as  South  Lake. 

Between  North  and  South  Lakes  is  a  low  divide,  perhaps  40  feet 
higher  than  the  lakes,  which  actually  forms  the  divide  between 
waters  flowing  to  Lake  Superior  and  to  Lake  of  the  Woods,  and 
should  be  so  designated  on  Minnesota  maps,  instead  of  the  divide 
between  Mountain  and  Rove  Lakes.  Mountain,  Rove,  Mud  and 
South  Lakes  discharge  into  Lake  Superior,  but  take  the  Arrow 
river  channel  through  Canadian  territory,  to  reach  Pigeon  river. 
This  divide  then  is  1097  ft.  above  Lake  Superior,  and  1697  above 
the  sea.  North  and  South  Lakes,  being  on  the  scmie  level,  probab- 
ly have  a  connection,  but  their  overland  visible  outlets  flow  in  op- 
posite directions.  The  divide  between  them  is  a  low  ridge  of  the 
usual  trap  of  the  country.  The  south  shore  of  Noi^th  Lake  has  a 
sandy  beach  at  the  portage  landing,  plentifully  intermingled  with 
colored  flint  and  jasper.  The  '•gun flint''  beds  are  reported  to  be 
exposed  on  the  portage  trail  from  North  Lake  to  Northern  Light 
Lake,  and  between  North  Lake  and  the  next  lake  north. 

304.  Guided  by  this,  and  the  topography,  the  same  beds  were 
discovered  in  the  long,  low  point  separating  North  Lake  into  two 
arms.  These  beds  are  confused,  but  yet  a  part,  probably,  of  the 
quartzyte  formation  seen  all  the  way  from  Pigeon  Toint  to  this 
place,  and  underlie  it.  They  are  nearly  a  red  jasper,  or  jaspery 
bloodstone,  in  some  places  red,  but  varying  also  to  blue  and  green- 
ish, and  passing  also  to  white  quartz,  the  greater  part  being  blue- 
ish-black.  In  the  bloodstone  the  matrix  of  the  red  globules  weath- 
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ers  away  faster  than  the  globules  themselves,  producing  a  reticula- 
ted fine  roughness  on  the  surface. 

305.  Near  the  head  of  the  bay,  just  east  of  the  first  narrows,  in 
the  outlet  to  North  Lake,  is  an  outcrop  of  this  rock  on  the  north 
side  of  the  boundary.  This,  of  course,  underlies  the  gunflint  b^s. 
It  is  a  granular  rock,  crystalline,  rather  coarse,  firm  and  dark  col- 
ored, containing  much  amphibole.  Its  other  constituents  are  or- 
thochise  and  quartz,  with  a  little  biotite.  It  is  in  low,  irregular 
knolls,  and  is  veined  and  blotched  with  irregularities  of  composi- 
tion, one  vein  being  the  next  number.     (Compare  No.  718). 

306.  Which  is  finer-grained,  much  lighter-colored  and  consists 
almost  solely  of  grains  of  quartz  and  orthoclase,  with  scattered 
films  of  biotite. 

Passing  through  the  '*  narrows''  there  is  a  descent  of  four  feet, 
into  a  slow,  broad  stream  or  narrower  portion  of  the  bay,  known 
as  Gunflint  river.  These  narrows  are  not  represented  on  the  sur- 
veyors' plats. 

There  is,  along  this  bay  and  stream,  an  unseen  interval  between 
Nos.  304  and  305,  which  may  anjount  to  two  or  three  hundred  feet, 
the  space  being  occupied  by  water. 

307.  From  the  Gunflint  series,  a  mile  further  west,  on  the  south 
side  of  the  long  arm,  very  irony  and  carbonaceous.  The  quartzyte 
formation  seems  to  graduate  downward  into  the  gunflint  rocks. 
This  rock  is  a  carbonaceous  and  pyritiferous  shale,  firm  and  heavy, 
with  flinty  nodules,  not  well  exposed,  but  embracing  perhaps  two 
feet. 

There  is  a  considerable  current,  and  a  descent  of  about  one  foot 
into  Gunflint  Lake,  which,  therefore,  is  1,052  feet  above  Lake  Su- 
perior. 

A  beach  of  coarse  sand  along  the  head  of  this  lake,  as  well  as 
that  on  the  south  shore  of  North  Lake,  presents  a  novelty  in  the 
characters  of  the  shores  of  the  northern  lakes,  which  are  generally 
either  of  bare  rock  in  situ^  or  of  pieces  from  the  blufls  adjoining. 
This  sand  seems  to  imply  a  rock  easily  disintegrating  in  this  series. 
The  sand  itself  consists  mostly  of  quartz  and  orthoclase,  some  of 
it  being  of  granular  rock  like  No.  306. 

308.  The  trap  of  the  country;  south  side  of  Gunflint  Lake. 
Sec  24  T.  65,  3  W.     (Compare  Nos.  721-27). 

309.  Hydromica  slate  (?);  from  the  north  side  of  Gunflint  Lake, 
about  half  way  from  the  eastern  extremity.  This  rock  rises  in 
knolls  and  hills  one  above  the  other  irregularly  disposed.     The 
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slates  stand  nearly  vertical,  running  E.  20®  N.     This  passes  in- 
sensibly into  the  next. 

310.  Rock,  magnesian,  yet  harsh  and  firm,  with  grains  of  free 
quartz;  of  a  light  green  color.  Into  this  the  slate  graduates,  back 
and  forth.  This  resembles  some  forms  of  the  slates  at  Thompson, 
on  the  St.  Louis  river.     (See  469). 

311.  Greenish  porphyritic  rock  (with  albite?)  having  an  imper- 
fect,|schistose  and  fibrous  structure,  and  some  free  quartz;  em- 
braced much  like  veins  in  the  slate  No.  310.  It  is  not  vein  matter, 
but  gradually  changes  to  the  slate  right  or  left,  the  slates  standing 
nearly  vertical  and  running  E.  20®  N.  In  this  slate  are  also  some 
large  veins  of  milky  quartz. 

This  outcrop  is  supposed  to  belong  to  what  the  Canadian  Geolo- 
gists have  styled  the  Huronian.  It  underlies  the  quartzyte  and 
gunflint  beds,  apparently  unconformably.  At  least  it  is  another 
and  distinct  formation  from  the  slates  at  Grand  Portage. 

On  the  south  side  of  Gunflint  Lake,  a  little  further  west  than 
the  last,  is  a  low  outcrop  of  rock  like  No.  312,  which  occurs  strewn 
in  fragments  along  the  beach  more  or  less  on  the  south  side  of  the 
lake,  and  at  the  east  end.  When  broken  freshly  it  has  the  appear- 
ance of  a  gray  quartzyte  embracing  fragments  of  flint,  or  finer 
quartzyte,  somewhat  like  a  conglomerate.  The  matrix  is  coated, 
on  the  weathered  surfaces,  with  a  film  of  iron-rust  derived  from 
the  rock  itself,  but  the  siliceous  fragments  it  embraces  are  nut  so 
coated.  This  appears  again,  in  a  low  exposure,  on  the  north  side 
of  the  lake,  about  a  mile  still  farther  west,  and  here  shows  plainly 
a  conglomeritic  structure  and  composition. 

312.  Quartzyte  conglomerate;  from  N.  shore  of  Gunflint  Lake, 
west  of  the  outcrop  of  Nos.  310  and  311,  in  a  belt  running  to  the 
south  of  these.  At  the  exposures  of  the  rocks  310  and  311  the 
north  shore  is  bent  northward  abrubtly,  bringing  the  water  upon 
them,  the  strike  of  No.  312  forming  E.  and  W.  points  on  either 
side,  enclosing  a  bay  which  breaks  down  and  covers  No.  312* 
This  conglomerate,  or  breccia  appears  on  both  sides  of  the  lake, 
nearly  opposite.  The  fragments  are  of  gray  quartzyte  and  flint, 
all  angular,  not  water-worn.  Sometimes  the  flint  seems  to  run 
through  the  rock  as  if  in  its  sedimentary  position.  The  matrix  is 
coated  with  an  iron  rust,  derived  from  the  oxidation  of  siderite 
which  constitutes  a  large  per  cent,  of  the  rock,  uiaking  a  permar- 
nent  film  all  over  it.  The  flinty  pieces  embraced  in  it  are  not 
thus  coated.  The  whole  is  contorted  in  bedding  and  broken;  it 
pertains  to  near  the  base  of  the  series.     (See  after  No.  927).    This 
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carbonate  of  iron  probably  derived  the  carbon  from  the  associated 
slates,  which  are  sometimes  black  with  it.  In  other  places  the 
iron  is  a  sesquioxide — or  in  some  places  it  seems  to  be  disseminated 
as  a  sulphuret,  as  in  No.  307. 

313.     Granite,  from  N.  E.  i  Sec.  24,  T.  65,  R.  4  W. 

313.  Granite  (with  garnets?),  from  S.  E.  \  Sec.  13,  T.  65,  N. 
R.  4  W.  Rock  of  this  kine  seems  to  compose  the  range  of  hills 
that  run  westwardly  from  here,  and  also  eastwardly,  in  Canada. 
Where  this  range  crosses  the  river,  there  is  a  narrow  place,  and 
rapids  (2  ft.  fall);  but  south  of  this  the  level  is  that  of  Gunflint 
Lake.  But  in  about  40  rods  further  north  are  falls  and  cascades, 
over  the  same  rock,  the  descent  being  14  feet. 

315.     Granite  from  the  falls,  next  north  of  Gunflint  Lake,  (same 
»  ...... 

as  No.  800).  This  granite  is  similar  to  the  rock  305,  but  has  gen- 
erally less  amphibole  and  more  quartz.  This  and  that,  and  the 
last  belong  to  the  same  formation  and  class  of  rocks,  and  are  in 
the  same  range  of  hills. 

After  a  descent  by  the  river  through  rapids,  about  three  feet,  a 
small  portage  is  necessary  round  a  fall  in  the  river  amounting  to 
33  feet. 

At  the  foot  of  this  portage  the  level  of  the  river  was  found,  in 
1878,  to  be  about  four  feet  lower  than  usual,  even  for  low  water, 
and  a  wide,  freshly  drained  tract  round  the  shores,  showed  that 
there  had  been  some  channel  lately  acquired  by  the  river  at  a  low- 
er level,  or  that  like  Sunken  Lake,  in  Presque  Isle  county,  Michi- 
gan, some  underground  passage  was  at  that  time  able  to  carry  the 
whole  stream,  since  the  river  wholly  disappeared,  having  no  visible 
overland  flow.  The  last  water  seen  at  this  place  was  1030  ft.  above 
L.  Superior. 

Making  a  portage  of  about  half  a  mile  the  trail  strikes  water 
again  after  a  descent  of  52  feet,  at  N.  E.  comer  T,  65  4  W.  in  a 
lake.  Through  this  portage  the  rock  is  the  same  as  No.  313  and 
314.  The  country  however  is  not  so  hilly  as  in  the  quartzyte  and 
slate. 

Passing  two  short  rapids,  one  of  4  ft.  fall,  and  the  other  of  2 
feet,  a  portage  is  made  on  the  U.  S.  side,  to  the  level  of  a  little 
lake,  descending  18  feet,  with  the  same  granite  all  the  way. 
Granite  outcrops  frequently  through  this  town,  along  the  bounda- 
ry line,  and  sometimes  has  a  bedding,  though  indistinct,  that  dips 
to  the  south.  After  striking  the  granite,  the  country  loses  white 
pine,  and  is  supplied  more  abundantly  with  Banks  pine.     Norway 
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pine  is  also  smaller,  as  well  as  all  other  trees.  The  knobs  every- 
where are  nwutonne-ed. 

Below  the  last  little  lake  a  rapid  descends  6  feet;  then  again  by 
the  same  means  7  feet  in  two  small  rapids;  and  again  8  feet  to 
Banks'  Pine  Lake,  which  is  found  to  have  a  level  of  930  feet 
above  L.  Superior.  It  is  a  long  (4  or  5  miles)  narrow  lake,  running 
N.  N.  W.,  reaching  within  J  mile  of  Saganaga  Lake,  its  eastern 
extension  swinging  to  the  north  and  again  east  and  southeast,  with 
islands.  Below  this  lake  are  two  rapids,  one  of  8  feet  and  one  of 
6  feet,  bringing  the  river  to  Saganaga  Lake,  with  a  level  of  916 
feet  over  Lake  Superior. 

316.  Granite,  from  the  rock  a  few  rods  below  these  rapids;  occa- 
casionally  dipping  S.     (See  No.  799). 

317.  From  an  island  in  L.  Saganaga,  on  Sec.  5,  T.  66,  R.  4  W. 
Lake  Saganaga  *  has  many  islands,  and  all  are  of  the  same  rock, 

scantily  timbered  with  Banks'  and  Norway  pine,  with  a  sprinkling 
of  aspen  and  birches,  and  of  course  spruce,  tamarack  and  balsam  in 
suitable  situations. 

318.  White  quartz,  from  a  mass  on  the  east  side  of  an  island 
in  N.  W.  ^  Sec.  14.  This  has  been  some  drilled  into  and  blasted, 
but  the  quartz  seems  to  be  a  barren  mass.  It  is  milky  white,  Jind 
has  no  a.scertainable  direction  or  form.  It  uuikes  a  conspicuous  ap- 
pearance on  the  coast,  Jind  extends  along  about  3  rods,  rising  about 
12  feet.  It  does  not  appear  inland  far,  nor  on  the  other  side  of 
the  island.  It  has  an  amethyst  color  sprinkled  through  it,  and  some 
fine  galena  scales.  This  rock  falls  down  on  the  beach  in  blocks, 
and  is  scattered  along  like  the  granite.  It  has  a  jointing  or  im- 
perfect, coarse  cleavage  structure  similar  to  that  furnishing  the 
quartz  chips  at  Little  Falls.  In  hammering  it  breaks  sometimes 
into  angular  small  bits,  and  in  the  weather  it  parts  in  the  same 
way. 

319.  On  the  next  island  north,  at  the  S.  W.  corner  is  an  out- 
crop in  form  and  disposition  like  the  last,  but  this  is  not  of  so 
pure  a  quartz.  The  quartz  is  somewhat  granuhir  and  {)orous,  jind 
contains  cubes  of  pyrito,  which  by  oxydation  give  a  rusty  stain  to 
much  of  it.  This  also  has  a  conspicuous  exposure  in  the  midst  of 
the  enclosing  granite. 

330.  From  the  peniusula  dividing  Saganaga  Lake,  near  the  ex- 
tremity on  the  N.  W.  side.  There  is  quite  an  area  here  of  the 
same;  a  variation  in  the  rock  of  the  country,  being  almost  desti- 
tute of  amphibole  (a  pegmatyte). 

♦The  word  Saguiiaga  signifies  i»}auOi<,  or  mavy  Mantis,  ami  sccius  to  be  the  plural  of 
Saginaw. 
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321.  From  the  same  peninsula  about  1|  miles  further  west; 
consisting  of  quartz,  orthoclase  and  chlorite,  essentially  being 
another  variation  in  the  rock  of  the  country.  The  coast  along  ia 
pebbly  and  stony,  with  occasional  sand  beaches  in  the  bays.  This 
rock.  No.  321,  appears  to  disintegrate  more  easily  than  the  for- 
mer numbers,  and  rarely  appeiirs  on  this  coast.  At  a  point  near 
the  first  narrows  the  same  rock  is  found  in  more  frequent,  and 
bolder,  exposure,  on  the  Canada  side.  At  this  point  a  short  por- 
tage is  made  toward  the  W.  into  a  small  lake,  over  the  rock  next, 
with  an  ascent  of  two  feet. 

322.  A  finer-grained  rock  like  No.  3<20,  but  containing  some 
pyrite,  fi'om  the  first  portage  going  west  from  Saganaga  Lake,  on 
the  international  boundary.  This  is  Oak  Portage,  from  a  little 
burr  oak  growing  there,  the  first  seen  on  the  boundary  line  west  of 
Grand  Portage. 

323.  The  shores  of  the  north  side  of  this  little  lake  are  made 
of  a  chloritic  quartz-schist,  of  a  gray  color,  being  much  like  one 
phase  of  that  seen  on  Gunflint  lake,  passing  to  massive  (310), 
This  is  laminated,  seamed  and  disturbed,  but  the  schistose  struc- 
ture stands  nearly  vertical,  like  that  on  Gunflint  Lake,  and  yet 
slopes  to  the  south  50^  E.  in  general.  It  also  contains  cubes  of 
pyrite. 

From  the  tops  of  the  hills  at  this  place  the  country  is  seen  to  be 
very  rough,  presenting  a  forbidding,  inhospitable  aspect.  It  is 
rocky  and  burnt  off  on  each  ?ide  of  the  boundary,  as  far  as  the  eye 
can  discern. 

The  descent  by  portage  into  Otter-Track  Lake  is  40  feet,  making 
Otter-Track  Lake  874  feet  above  Lake  Superior. 

324.  Near  the  portage,  on  the  U.  S.  side  is  a  more  compact  and 
massive  homogeneous  condition  of  No.  323.  It  is  fine-grained^ 
coarsely  jointed,  of  a  light  green  color,  and  in  making  this  por- 
tage the  trail  passes  over  the  same  variation  of  this  rock  as  that 
represented  by  No.  311,  on  the  north  shore  of  Gunflint  Lake. 
Hence  this  seems  to  be  a  recurrence  of  that  formation. 

In  passing  along  the  south  shore  of  Otter-Track  Lake  (which  is 
narrow,  and  about  5  miles  long,  running  S.  W.),  this  formation  is 
sometimes  seen  to  be  evenly  bedded,  and  dips  at  a  much  less  angle 
(say  10  degrees),  toward  the  south. 

The  rocks  in  general  along  the  boundary  are  smoothed  and  round- 
ed, the  marks  of  glaciation  usually  being  indistinct.  At  the  Otter- 
Track  Lake  the  movement  seems  to  have  been  toward  the  S.  W.  in 
the  direction  of  the  valley.     The  absence  of  real  drift  materials. 
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is  remarkable.  There  is  no  clay,  and  but  little  of  any  transported 
drift  of  any  kind  visible.  The  moutonne-ed  rocks  rise  in  hillocks 
everywhere,  and  are  bare,  or  thinly  covered  by  recent  vegetable 
mold.  Along  the  lake  shore  are  some  strange  boulders,  but  even 
there  the  bare  glaciated  surfaces  often  run  down  into  the  water  of 
the  lake.  This  is  particularly  true  along  the  south  shore  of  Otter- 
Track  Lake,  while  the  Canadian  side  is  strewn  with  fallen  rock,  or 
is  roughly  broken  according  to  the  joints.  The  rock  bluffs  here 
rise  from  10  to  100  feet  on  each  side,  the  Canadian  side  being  the 
lee  side  in  the  period  of  glaciation.  The  U.  S.  side  received  the 
greater  friction.  The  formation  dips  about  south,  but  different 
systems  of  joints  cause  it  to  separate  in  angular  blocks,  and  almost 
to  appear  basaltic.  No  trap  was  seen  between  the  west  end  of 
Ounflint  Lake  and  Otter-Track  Lake. 

From  Otter-Track  Lake  there  is  a  descent  of  4  feet  to  Knife 
Lake;  the  latter  being  870  foet  above  Lake  Superior. 

325.  A  light-green,  tough  magnesian  rock,  perhaps  am  be  des- 
ignated a  chloritic  or  serpentinous  quartzyte.  From  the  Huronian 
slate  series  at  the  E.  end  of  Knife  Lake.  This  series  extends  from 
where  first  noted,  on  the  O.ik  Portage  (from  Saganaga  Lake  west- 
ward), to  this  place,  at  least.  This  number  is  an  important  one  in 
the  series,  as  it  continues  a  good  part  of  the  distimce  from  the  east 
end  of  Knife  Lake  at  least  to  the  narrows  of  the  same  lake,  (bet. 
Sec.  11  and  12).  The  rocks  all  have  a  greenish  color,  but  are  not 
always  slaty.  No.  325  is  not  slaty,  and  is  essentially  the  same  rock 
as  No.  324. 

326.  Pyritiferous  clay  slate;  3  miles  west  of  the  narrows,  on 
the  north  shore  of  Knife  Lake,  and  about  J  mile  east  of  the  por- 
tage to  the  next  lake  N.  W.  The  pyrite  cubes  are  generally  about 
\  inch  across. 

There  is  a  descent  to  the  next  or  Maple-leaf  Lake,  of  three  feet 
by  a  portage  going  N.  W.  from  Knife  Lake;  the  portage  being 
about  I  mile. 

327.  At  the  beginning  of  the  last  portage  the  rock  of  the  slates 
varies  to  a  blue-black,  fine-grained  siliceous  rock,  approaching  flint 
in  hardness  and  compactness,  with  conchiodal  fracture,  and  sharp 
•edges;  sometimes  it  is  nearly  black.  It  is  this  sharp-edged  rock 
that  gave  name  to  Knife  Lake.  It  is  only  local,  or  in  beds,  or 
sometimes  in  ridges. 

From  Maple  Leaf  Lake  the  next  portage  ascends  six  feet  to 
another  lake,  being  a  portage  of  about  15  rods. 

328.  At  the  beginning  of  the  last  portage;  a  clay  slate;  sometimes 
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argillyte;  standing  vertical  and  running  W  30^  S.  The  river 
I  from  the  last  lake  (near  the  portage),  runs  out  over  this  rock  in  a 
sort  of  cascade  or  fall,  the  descent  being  34  feet,  to  Sucker  Lake, 
(or  Carp). 

The  size  of  these  lakes  is  often  a  surprise  to  the  traveler.  They 
expand  unexpectedly,  where  the  prospect  is  entirely  shut  off.  They 
are  shaped  by  the  geological  features.  They  lie  between  ridges  of 
the  Huronian,  and  these  ridges  run  approximately  H  and  W. 
Sometimes  a  narrow  opening  in  one  ridge  allows  the  lake  to  spread. 
Then  it  enters  another  narrow  valley,  and  runs  in  it  visibly  a  couple 
of  miles,  when  it  may  jog  back  again  into  the  former  valley  by 
another  opening.  Only  one  acquainted  could  follow  the  boundary 
line  canoe-route.  Sometimes  entering  alakent  appears  small,  but 
on  reaching  its  visible  western  extremity  it  turns  by  a  narrow 
channel  and  sprejids  out  a  couple  of  miles  further  west.  The  por- 
tages are  short. 

The  roofing  slates  (like  No.  326),  seems  to  run  westwardly,  as  the 
last  portage  goes,  to  Sucker  Lake,  and  appear  again  at  the  Sucker 
Lake  landing.     The  glaciation  along  here  was  to  the  S.  W. 

From  Sucker  Lake  the  portage  to  Basswood  Lake  descends  45 
feet,  making  Basswood  Lake  792  feet  above  Lake  Superior.  A 
river  of  considerable  volume  reaches  Basswood  Lake  from  the  south 
near  the  point  where  the  portage  strikes  it,  said  to  come  from 
Sucker  Lake.  A  considerable  river  from  the  south  enters  Sucker 
Lake  about  a  mile  east  of  Basswood  Lake.  The  beach,  at  the  por- 
tage landing  from  Sucker  Lake,  is  of  granite  pebbles  and  sand,  but 
the  rock  of  the  country  is  yet  of  the  Huronian,  viz: 

329.  Dark  green  massive  serpentinous  rock,  east  end  of  Bass- 
wood  Lake. 

330.  Three  quarters  of  a  mile  N.  W.  of  the  point  where  the 
portage  trail  reaches  the  lake,  on  the  United  States  side,  is  an  ex- 
posure of  choloritic  gneiss,  consisting  of  quartz,  feldspar  and  clor- 
ite,  and  having  a  granulated  texture,  varying  to  a  syenite.  The 
gneissic  structure  dips  about  ^30*  to  the  west,  20®  north.  The 
most  of  the  valley  of  the  lake,  to  this  point,  is  probably  in  this 
rock.  The  shores  of  the  lake  and  of  the  islands  are  of  stones  of 
this  gneiss,  and  are  not  generally  rocky;  thus  being  in  great  Ifeon- 
trast  with  the  shores  of  the  lakes  in  the  Huronian  belt  farther 
east,  which  are  almost  constantly  rocky. 

About  f  mile  further,  after  turning  S.  W.,  several  points  on  the 
south  shore  show  similar  rock,  but  the  schistose  structure  dips,  in 
one  cjise  N.  W.,  and  in  the  next  nearly  south.     Again,  perhaps  a 
7 
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mile  further,  on  an  island  it  dips  N.     This  schistose  structure  is 
really  a  bedding,  the  beds  being  about  3-4  inches  thick. 

331.  The  rock  of  the  country  at  Basswood  Lake,  taken  from 
an  island  two  miles  N.  W.  of  the  eastern  extremity.  It  is  white 
syenite  or  "granite'\  At  2J  miles  further  it  is  seen  dipping  N. 
W.  Again  about  2  miles  further,  after  passing  •the  narrows,  it 
still  dips  N.  W.  This  is  at  an  abandoned  post  of  the  Hudson's 
Bay  Company,  and  opposite  a  similar  station  on  the  U.  S.  side, 
the  passage  between,  where  the  boundary  line  runs,  being  only 
about  thirty  rods  across.  The  same  dip  may  be  seen  at  other 
points  along  here,  and  in  the  vicinity  of  other  abandoned  posts. 
The  construction  of  the  "Dawson  route'',  and  the  destruction  of 
fur  animals,  mainly  •by  forest  fires,  have  diverted  and  diminished 
such  trading.  Before  passing  all  the  jtrading  posts  the  gneissic 
syenite  becomes  nearly  level,  and  there  shows  a  slight  dip  to  the 
S.  E.  This  gneissic  structure  is  very  regular,  the  layers  being 
from  two  to  four  inches  thick. 

Making  a  portage  on  this  trail  to  Pipestone  Rapids  the  route 
crosses  an  arm  of  the  north  shore,  which  in  low  water  is  generally- 
passed  by  following  the  lake  round  by  the  south.  This  portage  is 
about  1^  mile  S.  W.  from  the  trading  posts,  there  being  several 
islands  intervening.  The  portage  is  short,  and  at  its  western  end 
is  an  interesting  series  of  exposures  of  rock,  exhibiting  the  inter- 
stratification  of  mica  schist  (335)  with  gniess  and  syenite  (336  and 
:337) — the  concordant  dip  continues  from  one  to  the  other,  show- 
ing they  are  all  of  one  formation  and  conformable,  or  that,  if  of 
-diflFerent  ages,  the  Huronian  is  conformable  with  the  Laurentian. 
The  shore  line  runs  N.  30=*  E.,  and  S.  30^  W.,  and  there  is  a  high 
dip  to  the  beds  towards  the  south,  about  80  or  85  degrees. 

332.  Near  the  portage  landing,  west  end,  in  a  low  exposure;  a 
fine  chloritic(?)  gneiss,  the  bedded  structure  sloping  S.  at  a  high 
angle. 

333.  Hornblendic  schist,  overlying  No.  332,  an  interval  hid, 
being  between  them ;  containing  also  chlorite. 

334.  Chloritic  hornblende  schist,  conformable  with  No.  833. 

335.  Biotite  mica  schist,  separated  from  No.  334  by  a  recur- 
reifte  of  rock  like  No.  332,  conformable  in  dip  witH  the  last.  This 
includes  irregularly  shaped  masses  or  agglomerations  of  Nos.  336 
and  337;  also  has  thin,  irregular,  interrupted  and  contorted  inter- 
laminations  of  the  same.     They  are  certainly  interstratified. 

336.  Biotite  (?)  hornblendic  gneiss,  of  alight  gray  color,  al- 


STATE  GEOLOGIST.  89 

ternating  along  the  beach  two  or  three  times  conformably  with 
No.  335. 

337.  Similar  to  No.  336,  probably  one  of  its  modifications,  hav- 
ing more  hornblende. 

338.  Compact,  similar  to  the  last,  but  darker  colored;  has  beds  , 
or  belts  of  No.  335,  and  finally  is  wholly  replaced  at  the  shore  line 
by  No.  335  for  a  short  interval,  while  No.  338  is  still  visible  inland 

a  few  rods,  in  the  bearing  of  the  strike,  showing  a  change  from 
one  to  the  other  in  the  direction  of  the  bedding,  as  well  as  trans- 
verse to  it.  But  a  short  distance  further  south  the  shore  is  wholly 
made  by  No.  338,  rising  higher,  in  coarsely  jointed  and  firm,  low 
hills. 

339.  Hornblendic  schist,  from  the  shore  of  the  same  lagoon,  on 
the  north  side,  where  the  same  interstratifled  condition  of  the  same 
kinds  of  rocks  appeflrs  again. 

339.  B.  From  the  shore  near  No.  337  and  338,  not  in  place, 
but  supposed  to  be  from  these  beds. 

340.  A  little  further  west  from  No.  339,  on  the  north  ^side  of 
this  little  water,  the  rock  appears  as  a  micaceous  quartzyte,  which 
also  varies  to 

341.  A  blackish  quartzyte  (?).  somewhat  micaceous  injsomeof 
the  interlaminations;  which  varies,  a  little  further  along,  in  some  of 
its  interlaminations  to 

342.  A  gneissoid  quartzyte,  and  makes  a  high  bluflf,  the  beds 
in  all  cases  dipping  to  the  south.  Then  the  rock  is  hid  to  the  next 
portage  (going  to  another  bay  of  Basswood  Lake^  westward). 

343.  But  just  where  this  portage  begins  the  rock  forms  a  con- 
spicuous outcrop  of  fine  syenite,  represented  by  this  number. 

These  numbers  (335,  336,  337,  339,  340  and  341)  make  up  the 
islands  and  occasional  exposures  across  this  bay,  but  the  most  is  of 
No.  335*.  The  portage  from  this  lagoon,  in  which  the  above 
numbers  occur,  is  across  an  arm  of  the  mainland  from  the  south 
shore,  which  is  sometimes  avoided  by  passing  by  water  farther  to 
the  north. 

344.  At  the  other  end  of  this  portage,  and  at  one  or  two  spots 
on  the  trail,  the  rock  is  a  tough  mica,  schist.  This  here  also  em- 
braces strips  of  syenite  and  of  quartz.  These  appear  mainly  as  in- 
terlaminations, but  also  as  veins  crossing  the  laminations. 

345.  The  rock  along  the  shore,  passing  up  this  long  bay,  is  sy- 
enite, but  the  sample  of  this  number  is  taken  from  the  place  where 

^  *A  similar  interstratiflcation  of  mica  schist  and  granite  is  described  in  Ludlow's 
Reconnoissance  of  the  Black  Hills,  in  1874  p.  44-4i 
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the  first  view  Ls  presented  up  the  long  bay  S.  W.  Hereit  is  even- 
ly bedded,  dipping  W.  and  is  of  pinkish  or  flesh  color.  This  con- 
tinues past  one  or  two  small  points,  when  it  is  seen  to  dip  in  the 
opposite  direction.  Then  on  the  next  it  dips  again  southwest. 
The  surfaces  weathered  have  when  smoothed  a  pink  tint. 

Further  on  the  bedding  is  contorted,  (along  the  south  coast  of 
of  this  bay,)  and  confused,  appearing  almost  perpendicular  in  short 
intervals,  then  dipping  again  one  way  or  the  other.  Just  beyond 
this  confused  place  the  mica  schists,  &c.,  come  in  again,  the  beds  be- 
ing almast  vertical  (i.  e.  the  schistose  structure)  yet  sloping  a  little 
to  the  S.  W.  This  is  perhaps  a  mile  from  where  the  route  en- 
ters this  bay.  This  then  continues,  presenting  the  viiriations 
already  described,  to  micaceous  quartzyte  &c..  and  having  at  least 
two  systems  of  joints,  one  perpendicular  to  the  schistose  structure^ 
and  one  cutting  it  obliquely,  sloping  N.  W.     • 

346.  Passing  to  the  north  side  of  this  bay,  within  a  half  mile^ 
or  perhaps  more,  the  whole  changes  to  a  fine,  tough  gneiss,  which 
has  a  coarse  schistose  structure  that  makes  it  resemble  the  schists, 
being  probably  only  a  variation  of  the  schists. 

347.  A  little  further  along,  across  the  bay,  the  syenite  returns; 
but  here  a  schistose  structure  can  be  seen  on  weathering,  parallel 
to  that  seen  all  along.  This  forms  the  coast  for  some  distance  on 
the  N.  side,  at  least  to  within  |  mile  of  the  next  portage. 

Before  reaching  the  portage  a  ridge  of  schists  and  fine  grained 
chloritic  rock  appears  along  the  south  side,  us  the  bay  narrows  up, 
presenting  a  columnar,  or  finely-jointed  structure,  somewhat  re- 
sembling the  basaltic. 

348.  This  is  mainly  a  tough,  greenish  schist,  crushing  under 
the  hammer  like  a  chloritic  schist,  apparently  having  a  dip  toward 
the  south,  nearly  perpendicular,  but  so  broken  by  jointage  planea 
in  diflFei'ent  directions,  and  confused  by  the  schistose  structure,  that 
it  is  exceedingly  uncertain.  This  rock  forms  the  lower  rapids  at 
the  mouth  of  Pipestone  R.  where  the  water  comes  down  to  the 
level  of  Basswood  Lake,  the  fall  being  10  feet  from  where  the 
rapids  begin,  to  the  level  of  the  lake*. 

Near  the  foot  of  the  rapids  a  white  quartz  vein  crosses  the  river 
diagonally,  running  about  east  and  west,  but  somewhat  zigzaf^. 
It  dips  at  an  angle  of  about  45  degrees  from  the  horizon  toward 
the  south,  and  is  about  5  feet  wide.  No  gold  or  other  mineral 
can  be  seen  in  it,  except  some  pyrites  in  the  grayish  rock  adjacent 


^Mr.  Robert  Bell  questions  the  existence  of  Basswood  about  this  lake,  and  sugsestn 
Whittwood  as  a  more  proper  name  ;  but  the  real  Basswood  grows  at  the  mouth  of  this. 
riTt^,  being  the  most  nortnem  known  limit  of  that  species  in  the  state. 
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to  it  on  the  south  side.  The  formation  above  the  rapids  is  about 
the  same  as  below,  but  here  it  becomes  the  pipestone  of  this  local- 
ity. It  is  simply  a  schistose,  greenish,  chloritic  (?)  rock,  being  a 
chloritic  (?)  slate  at  a  short  distance  further  up  the  river. 

349.  Pipestone,  from  Pipestone  Rapids,  a  chloritic  rock;  not 
much  worked  nor  used. 

350.  Chloritic  (?)  slate,  from  Pipestone  Rapids,  just  above  the 
pipestone  rock.  This  slate  stands  nearly  vertical  but  dips  to  the 
south. 

351.  About  \  mile  above  the  rapids  the  slates  dip  northwest. 
This  country  contains  much  pine,  but  not  generally  very  large. 

Indeed,  the  forest  is  all  pine.  The  same  is  true  along  the  south 
shore  of  the  lake  before  reaching  the  river.  Between  the  first  and 
second  rapids  the  river  expands  so  as  to  be  more  like  a  lake,  with- 
out current,  and  embracing  several  islands.  The  lake  above  the 
second  rapids  is  known  as  Kawasachong  Lake,  and  is  8  feet  above 
the  water  below,  or  810  feet  over  Lake  Superior. 

352.  At  the  upper  end  of  the  second  rapids,  or  a  little  distance 
above,  near  the  portage  landing,  is  a  white  quartz  vein  in  this 
chloritic  rock  that  makes  the  rapids.  This  runs  S.  30^  W.,  and 
coincides  with  the  :?late  in  dip.  which  is  toward  the  N.  W.  This 
quartz  embraces  rusted  pyrite,  and  has  an  auriferous  aspect. 

353.  Slate,  soft,  greenish  (talcose  or  chloritic),  from  about  two 
miles  further  up  the  lake,  on  the  south  side.  There  is  not  much 
exposure,  but  sufficient  to  show  the  formation  extends  to  here,  at 
least. 

354.  A  less  slaty  chloritic  slate,  from  the  same  place.  The 
slates  here  run  S.  30^  W.,  standing  nearly  vertical,  8lo})ing  south. 
Indeed  this  direction  is  a])out  that  of  the  narrow  long  lake  in 
which  the  route  lies. 

The  forest  along  here  is  not  exclusively  one  of  pine,  but  much 
white  pine  of  good  size  is  scattered  all  through  it.  The  country 
is  generally  slightly  undulating,  but  not  hilly,  being  much  in  con- 
trast with  that  ea*5t  of  Baswood  lake.  There  are  low  ridges  of 
this  slate  that  cross  the  country,  but  they  hardly  produce  a  percep- 
tible change  in  the  general  surface  features. 

355.  At  about  a  mile  further,  on  the  same  side,  a  more  massive 
and  siliceous  slate  appears,  showing,  also,  some  white  quartz  veins. 
This  is  probably  a  variation  of  the  slate,  and  is  exposed  but  a  short 
distance.     The  beaches  are  sandy  along  here. 

A  short  distance  further  west  the  Kawasachong  river  enters 
Kawasachong    Lake.     This   river  comes  from  Birch   Lake,   and 
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along  it  is  a  canoe  route  to  Beaver  Bay,  on  Lake  Superior.  Birch 
Lake  is  the^third  lake  south  of  Kawasachong  Lake  by  this  route. 
The  maps  generally  represent  this  river  as  entering  several  miles 
too  far  east. 

The  Kawasochong  falls  are  visible  from  the  lake.  They  descend 
about  40  feet — split  and  straggling  in  low  water.  Here  is  a  large 
exposure  of  the  same  rock  as  No.  355,  but  less  siliceous,  which 
really  appears  to  be  the  same  as  the  "pipestone''  at  Pipestone 
Rapids.  *It  also  contains  here  narrow  white  quartz  veins  and  de- 
posits, and  some  two  or  three  feet  wide.  One  such  appears  in  the 
river,  just  below  the  falls.  The  falls  are  within  30  rods  of  the 
lake,  and  the  river  is  one  of  good  size.  This  rock  is' neither  bed- 
ded, jointed  nor  schistose,  but  it  breaks  with  a  very  coarsely  schis- 
tose manner,  and  each  piece  runs  to  blunt  points  lenticularly. 
Chlorite  permeates  and  colors  it.  It  seems  to  be  closely  seamed 
in  all  directions,  but  not  with  any  regularity,  if  we  except  the  gen- 
eral schistoid  fracture,  which  coincides  with  the  slates  in  being^ 
nearly  perpendicular,  and  yet  in  sloping  to  the  south.  It  abounds 
in  (talcose?  or)  chloritic  and  haematitie  slickensides.  It  is  every- 
where rough,  superficially,  and  mashes  under  the  hammer  before 
breaking,  and  then  breaks  toughly. 

356.  Rock  from  the  Kawasachong  Falls  on  Kawasachong 
River.  The  same  rock  appears  on  the  lake  shore  at  points  further 
west. 

At  the  next  point,  ^  niile  from  the  mouth  of  the  river,  it  ap- 
pears again  more  like  No.  355. 

At  the  next,  1^  miles  from  the  river,  it  is  the  same. 

At  the  next,  nearly  1^  mile  from  the  mouth  of  the  river,  it  i» 
more  like  No.  356. 

The  same  or  similar  rock,  at  least  the  Huronian  slates,  etc., 
continue  to  the  end  of  this  lake,  when  a  portage  is  made  to  another 
lake,  avoiding  the  river  on  account  of  very  low  water,  ^following: 
the  ''winter  trail,"  which  sets  out  from  another  arm  of  the  lake 
further  toward  the  north. 

357.  Occurs  just  at  the  point  of  the  beginning  of  the  ''  winter 
trail' 'from  Kawasachong  Lake  westward;  a  chloritic  slate,  running" 
nearly  S.  W.  and  sloping  to  the  S.  E.  This  portage  ascends  80  feet 
and  descends  17  feet  leading  to  Long  Lake,  which  is  thus  873  feet 
above  Lake  Superior.  On  this  portage,  in  its  eastern  half,  are  sev- 
eral outcrops  of  slate  like  that  already  noted  at  Kawasachong  Lake^ 
but  mainly  the  country  is  drift-covered  with  less  rock  exposure. 
Along  north  of  this  portage  (which  is  about  1|  miles  long)  is  a 
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hilly  range  running  nearly  parallel  with  Long  Lake  and  also  with 
Kawasachong  Lake,  which  appears  to  be  of  the  Huronian,  judged 
by  exposures  that  are  seen  along  the  lake  shores.  There  is  still 
considerable  pine  in  the  forest,  especially  on  the  south  side,  the 
north  side  being  more  bYirnt. 

358/  Chloritic  or  serpentinous  rock  from  an  island  near  the 
west  end  of  Long  Lake;  continuftion  of  the  same  formation  as  at 
Kawasachong  Falls. 

The  country  at  the  west  and  northwest  end  of  Long  Lake  is 
more  rough  and  has  more  exposures  of  rock.  It  is  likewise  more 
burnt. 

From  Long  Lake  the  course  of  travel  by  canoe  is  up  a  river 
toward  the  west,  perhaps  a  mile  (in  a  right  line),  then  up  a  tribu- 
tary, turning  to  the  right;  then  after  |  mile  further,  a  portage  (J 
mile)  is  made  to  Bumside  Lake,  904  feet  above  Lake  Superior. 
This  portage  in  general  goes  N.  of  W.  and  over  a  part  of  the  ridge 
of  hills  mentioned  as  running  along  the  north  side  of  Long  Lake. 
The  rock  in  these  hills  where  crossed  by  the  portage  trail  is  a 
tough,  chloritic  rock,  viz: 

359.  Firm,  tough,  chloritic  rock;  perhaps  a  fine-grained  proto- 

gine  from  the  hill-range  running  on  the  north  side  of  JiOng  and 

Kawasachong  Lakes,  on  the  portage  from  Long  Lake  to  Bumside 

Lake.     This  rock  at  a  distance  appears  gray  and  granite-like  under 

the  weather. 

Near  the  west  end  of  the  portage  trail,  on  Burnside  Lake,* 
within  an  area  of  30  feet  square,  the  following  numbers,  from  360 

to  367,  both  inclusive,  were  obtained,  Nos.  360  and  361  compris- 
ing the  bulk  of  the  rock. 

360.  Greenish-gray  fibrous  hornblende  rock,  somewhat  serpen- 
tinous or  chloritic. 

361.  Dark-gray  homblendic  rock,  chloritic. 

362.  Glistening  chloritic  schist. 

363.  Hornblende  schist,  chloritic. 

364.  Granular  rock,  consisting  of  hornblende  and  imperfectly 
crvstalline  orthoclase. 

365.  The  same,  with  quartz  and  chlorite.  The  disintegration 
of  this  orthoclase  produces  sandy  beaches  sometimes  about  these 
lakes. 

366.  The  same,  with  less  horn  blende,  and  a  reddish  color  in 
the  orthoclase  (?). 

367.  White,  glassy  quartz,  becoming  colored  red  by  haematite. 

•This  name  is  a  corrupt  translation  of  the  Indian  word  signifying  Bumt-gide. 
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These  numbers  are  all  arranged  in  a  crooked  lamination  or 
coarse  schistose  structure,  parallel  with  the  same  seen  in  the  slates 
about  here.  The  hornblende  schist  (No.  363),  and  the  hornblende 
and  feldspar  rock  (No.  3(54)  gradually  interchange,  or  pass  onward 
to  Nos.  365  and  366.  Large  masses  in  knolls  and  hills  lie  in  the 
immediate  neighborhood,  made  ym  of  the  same  rocks. 

But  further  west,  on  the  same  side  of  the  lake,  the  hills  are 
more  of  the  nature  of  No.  365,  yet  are  in  the  same  way  associated 
with  hornblende  rock  and  schist,  viz: 

368.  Chloritic  syenite.     North  side  of  Burnside  Lake. 

369.  Flesh-colored  chloritic  gneiss.  A  vein  or  layer  in  No. 
370. 

370.  Chloritic  gray  quartzyte,  compact  and  hard. 

The  foregoing  are  all  (359-370)  conformable,  when  they  show 
any  stratification  at  all,  which  is  always  the  case  except  when  there 
is  a  full  transition  from  No.  363  or  364,  or  even  from  360,  to  No. 
368.  In  that  case,  when  No.  368  is  fairly  set  in  the  paridlel  struc- 
ture, alw^ays  dipping  at  a  high  angle  to  the  south  (or  a  little  east), 
becomes  more  and  more  indistinct,  or  is  lost,  and  in  its  place  a 
jointage  running  in  different  directions,  hardly  e^er  parallel  with 
the  schists,  is  substituted.  Yet  even  then,  in  some  weathered  sit- 
uations, a  natural  parting  of  the  rock  brings  out  a  rude  schistose 
structure  parallel  with  thjit  in  the  slates.  It  is  impossible  here  to 
state  whether  these  alternations  of  rock  indicate  a  coming  on  of 
the  Laurentian.  conformably  interstratified  with  the  Huronian,  or 
that  the  syenite  is  all  in  the  Huronian.  The  line  of  travel  through 
here  is  nearly  in  the  strike  of  the  Huronian.  but  has  been  (since 
leaving  Long  Lake)  a  little  to  the  north,  so  that  if  this  be  a  begin- 
ning of  the  Laurentian  it  comes  on.  in  accordance  with  the  dip, 
conformably.  This  series  of  rocks  apparently  runs  along  the 
north  side  of  Long  Lake,  some  distance  from  the  shore. 

The  islands  and  the  aspect  of  the  coast  and  the  country  about 
Burnside  Lake,  traveling  on  a  line  a  little  west  of  south,  appear 
like  those  of  Saganaga  Lake.  The  islands  are  nearly  as  numerous. 
The  rock  how^^ver  is  of  this  transition  series  of  hornblende  schists 
and  syenites.  The  veins  of  syenite  are  sometimes  white  and  some- 
times reddish,  and  are  often  contorted  in  the  schists.  They  project 
above  the  surface,  reminding  one  of  the  chain  coral  in  the  Lower 
Silurian  limestone.  The  syenite  weathers  reddish  along  the  lake 
shore,  but  the  schists  do  not. 

Through  Long  Lake  the  glaciation  nins  S.  W..  or  in  the  same 
direction  iis  in  Otter-Track  Lake.     About  Burnside  Lake,  although 
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the  rocks  are  all  domed,  there  is  little  evidence  of  the  direction  of 
movement.  The  islands  are  of  hare  rock,  especially  at  the  west 
end. 

There  are  places  along  Bumside  Lake,  toward  the  west  end, 
where  no  bedding  nor  dip  can  be  discerned,  even  in  the  horn- 
blendic  rocks,  but  the  whole  is  disturbed  and  confused  by  jointing. 
But  near  the  river  where  the  route  leaves  the  lake  westward,  the 
bedding  appears  running  more  south  and  dipping  at  a  high  angle 
N.  W. 

371.  At  the  mouth  of  this  river  leaving  Bumside  Lake. 

372.  At  the  same  place. 

These  are  almost  an  exact  repetition  of  Nos.  369  and  370,  except 
that  No.  372  is  more  syenitic.  Ridges  and  knolls  of  this  rock  here 
rise  fifty  feet  or  more  above  the  lake.  Ascending  this  river  about 
a  mile,  a  portage  is  then-  made  of  another  mile  to  Mud  Lake,  the 
whole  ascent  being  14  feet,  or  to  918  feet  above  Lake  Superior. 

Along  Mud  Lake  the  same  series  of  rock  continues. 

373.  Clay  slate.     From  the  N.  E.  end  of  Mud  Lake. 

374.  Clayey  quartzyte  (?).     From  the  N.  E.  end  of  Mud  Lake. 

These  are  from  the  N.  W.  side  of  Mud  Lake,  in  close  approxi- 
mation. The  schistose  or  slaty  structure  is  apparent  here,  and 
runs  south  30^  W.,  nearly  vertical. 

375.  A  quartz  or  chloritic  schist.  Mui  Lake,  at  a  point  a  little 
further  S.  W.  from  No.  374,  when  the  lake  turns  more  to  the 
south. 

About  half  a  mile  further  S.  W.  an  old  mining  location  can  l)e 
seen. 

376.  From  the  old  mining  location  on  Mud  Lake.  The  rock 
here  is  like  that  of  No.  375,  but  perhaps  more  compact.  It  is  py- 
ritiferous.  It  hjis  a  gray  color,  with  mottlings  of  light  green  and 
glassy  grains  of  quartz.  It  is  firm  and  hard,  the  greenish  parts 
being  apparently  amorphous  with  a  hardness  about  4. 

The  vein  matter  here  was  apparently  wholly  exhausted  by  the 
mining  operations.  It  was  a  lenticular  mass  about  20  feet  long, 
and  not  probably  over  12  inches  thick,  tapering  up  and  down  in 
con  form  ability  with  the  rock  enclosing  it,  and  running  also  in 
the  same  direction.  The  white  quartz  here  mined  is  apparently 
the  same  as  that  disseminated  through  the  rock,  but  in  larger  local 
abundance. 

377.  Vein  matter,  quartz  and  ore,  from  Mud  Lake.  This  ore 
contains  plainly  chalcopyrite,  pyrite  and  galenite.  and  probably 
gold. 
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378.  Quartzitic  slate,  with  taleose  partings;  from  about  half  a 
mile  further  after  descending  a  shallow  river-lagoon. 

This  river  is  thence  followed  S.  W.  to  Vermilion  Lake,  the  fall 
being  about  9  feet,  making  Vermilion  Lake  about  909  feet  above 
Lake  Superior. 

379.  Chloritic  schist  from  the  N.  E.  end  of  .V  ermilion  Lake, 
where  the  stream  from  Mud  Lake  enters  it.  This  rock  is  like  that 
in  a  range  of  hills  which  continues  all  the  way  to  Mud  Lake,  along 
the  north  side  of  this  stream,  apparently  confining  the  stream  on 
that  side,  the  slates  running  W.  S.  W.  at  Vermilion  Lake. 

Round  Bumside  and  Mud  Lakes,  and  at  the  N.  E.  end  of  Ver- 
milion Lake  the  Huronian  is  rougher,  and  considerably  more  de- 
nuded, the  ridges  being  higher.  At  the  same  time  there  is  no 
diminution  in  the  drift. 

380.  Vermilion  Lake,  at  one  mile  S.  W.  from  the  mouth  of  the 
stream  from  Mud  Lake;  a  massive  chloritic  syenite. 

381.  The  next  point  S.  W.  along  the  S.  E.  shore  of  Vermilion 
Lake,  shows  a  gray  horn  blendic  (?)  rock,  jointed  and  with  white 
quartz  veins,  or  deposits  in  the  joints. 

382.  White  quartz,  from  a.  vein  on  S.  E.  side  of  Vermilion 
Lake,  running  in  No.  381.  This  is  a  conspicuous  white  quartz  belt, 
running  up  from  near  the  water  level,  a  little  S.  W.  from  the  last 
point,  being  a  local  and  irregular  deposit,  not  having  much  depth. 
It  splits.  It  stands  above  the  surface  nearly  a  foot.  It  holds 
chalcopyrite,  which  superficially  has  colors  like  bornite.  It  is 
about  3  ft.  thick,  and  has  been  dug  through  by  some  ''prospector." 

The  schistose  structure  along  here  runs  but  little  S.  of  W.  It 
is  indistinct,  on  account  of  the  rock  becoming  massive,  or  only 
jointed. 

Passing  a  long  arm  or  bay,  running  a  little  N.  of  E.  the  rock  on 
the  first  point  south  of  this  bay  is 

383.  A  gneissic  and  feldspathic  chloritic.  gray  quartzyte.  The 
schistose  structure  runs  a  little  S.  of  W.  and  is  hardly  discern- 
ible. There  is  a  close  jointage  that  appears  here,  and  at  other 
points,  that  closely  resembles  the  schistose  structure  when  it  be- 
comes slaty,  transverse,  (nearly  at  right  angles)  to  the  schistose 
structure.  This  is  plainly  a  jointage  simply,  and  not  anything" 
that  affects  the  tissue,  as  when  a  specimen  be  broken,  it  breaks 
with  the  schistose  structure,  parallel  with  it;  and  if  it  be  from  be- 
tween two  planes,  or  has  a  joint  on  two  sides,  it  will  persistently 
remain  triangular  although  it  be  broken  till  reduced  to  too  small 
a  size  for  preservation. 


STATE   GEOLOGIST.  97 

384.  Half  a  mile  further  along,  the  schistose  structure  plainly 
returns  and  is  W.  S.  W.  and  also  the  chloritic  or  talcose  character. 
This  number  is  a  talcose  (?)  and  at  the  same  time  a  schistose 
quartzyte,  with  considerable  greenish-gray,  amorphous,  feldspathic 
(?)  mineral,  and  seems  to  be  allied  to  the  rock  No.  311,  on  the 
north  side  of  Gunflint  Lake. 

This  part  of  Vermilion  Lake  is  filled  with  rocky  islands. 

385.  About  a  mile  a  little  west  of  south  from  the  last,  on  a 
point;  a  dark  colored  siliceous  slate,  or  hornstone,  mainly  in  regu- 
lar and  thin  sheets,  but  in  some  places  confused,  tlie  slates  run- 
ning W.  S.  W.  and  sloping  to  the  south,  but  nearly  perpendicu- 
lar. 

386.  On  a  small  island  near  the  S.  E.  shore;  rock  like  No.  384. 
Here  the  schistose  structure,  sloping  S.  E.  runs  S.  50®  W.  by  com- 
pass,* and  is  sometimes  a  little  wavy.  In  these  descriptions  slaty 
and  schistose  express  variations  only,  of  the  same  structure. 

387.  About  a  mile  S.  W.  of  the  last  the  rock  varies  to  a  schis- 
tose, chloritic  syenite,  of  a  light  gray  color.  This  is  apparently 
only  a  variation  in  the  ingredients  of  No.  386.  It  is  a  firm  rock, 
and  at  a  distance  appears  like  massive  granite  or  syenite;  yet  along 
the  lake  shore  it  parts  in  a  gneissoid  manner.  It  rises  higher  than 
the  adjacent  hills,  and  is  coarsely  jointed,  so  that  its  rhomboidal 
parts  rise  like  whitened  sheeps'  backs.     It  extends  perhaps  20  rods. 

388.  Half  a  mile  further  west  the  rock  is  a  gray  quartzyte,  with 
much  white  quartz  in  veins  and  joints. 

38d.  A  mile  further  west,  and  near  the  entrance  to  the  bay 
that  leads  to  the  portage  going  south  from  Vermilion  Lake  to 
Squagemaw  Lakes,  the  rock  of  this  number  which  is  a  gray  chlo- 
ritic schist,  is  seen  to  have  a  nearly  east  and  west  slaty  structure, 
varying  to  a  little  S.  of  W.  This  slaty  structure  is  intersected  di- 
agonally by  alternations  in  the  rock  due  to  sedimentation,  running 
nearly  N.  W.  and  S.  E.  The  kinds  of  rock  exhibited  by  this  al- 
ternation are  as  follows,  from  No.  389  to  No.  394  both  inclusive, 
the  former  being  on  the  N.  E.  side  and  the  latter  on  the  S.  W. 
side. 

390.  Chloritic  slate,  greenish,  soft. 

391.  Pyritiferous,  gray,  quartzyte,  chloritic. 

392.  Argillyte,  or  clay  slate. 

393.  Chloritic  gneiss. 

394.  Siliceous,  chloritic  slate. 
Glaciation  across  these  beds  runs  N.  and  S. 

^Magnetic  directions  in  this  report  are  all  by  compass. 


98  ANNUAL   REPORT. 

At  the  Government  Station,  where  the  Indians  are  taught  to  do 
some  fanning,  which  is  a  little  N.  of  W.  from  the  last  point,  the 
New  York  Mining  Company  formerly  sought  gold  in  the  quartz 
and  taleose  (?)  rock  of  the  country. 

395.  Fine,  soft,  hydro-mica  slate.  This  rock  has  generally 
been  denominated  taleose  slate,  and  it  may  be  correctly.  This  will 
have  to  be  determined  by  laboratory  examinations.  This  is  from 
the  N.  Y.  Company's  location,  at  the  Government's  Station,  and 
the  slates  run  15®  S.  of  W.,  and  glacial  marks  10'  W.  of  S.  The 
strike  of  the  stratification,  as  mentioned, under  No.  389,  is  E.  and 
W.,  the  slates  crossing  the  strata  diagonally. 

396.  '^  Gold ''  quartz,  from  the  above  mining  location.  This  is 
white.  It  is  scattered  in  the  joints  and  irregular  veinings  in  No. 
895,  similar  to  what  may  be  seen  in  many  places  about  Vermilion 
Lake.     (See  Report  for  1878,  p.  23.) 

397.  The  Minnesota  Company's  location  was  about  three  miles 
north  of  the  Government's  Station,  on  the  west  coast  of  a  lake, 
opposite  the  long  point  projecting  from  the  N.  shore.  Here  the 
rock  is  a  coarse  chloritic  slate,  having  a  close  relationship  with 
that  of  No.  395.  The  slaty  structure  runs  about  E.  and  W..  and 
glaciation  about  N.  and  S..  or  a  trifle  east  of  south. 

398.  The  qujirtz  from  this  mining  location,  occurs  in  the  joints 
of  the  rock,  in  irregular  deposits,  but  generally  coincident  with 
the  slatiness.  It  carries  considerable  pyrite.  which  is  also  scattered 
through  the  slates. 

399.  Taleose  (?)  slate,  from  SimondV  locati(m.  This  is  far- 
thest N.  W.  (or  W.)  and  about  four  miles  from  the  outlet  of  the 
lake  ;  and  between  this  and  the  Minnesota  Company  s  iocaticm 
was  that  of  Nobles,  numerous  islands  occuiTing  all  along.  This 
number  represents  the  country  rock.  It  is  .siliceous,  and  contains 
scattered  nests,  or  broken  layers  of  white  quartz,  both  coincident 
with  the  slates  and  in  the  diagonal  jointage.  Pyrite  is  scattered 
through  the  qujirtz,  and  through  the  slates,  and  particularly  in  a 
line  of  contact  where  they  unite,  the  quartz  becoming  gray. 

400.  Quartz  from  the  same  point. 

401.  Near  the  western  extremity  of  a  ])oint  or  peninsula  that 
comes  near  the  south  shore  from  the  north.  A  little  island  here 
.shows  rock  like  that  on  the  north  side  of  Burnside  Lake:  a  mica 
schist.  This  is  aiTanged  in  laminations  that  run  S.  55  *^  W., 
sloping  S.,  and  embraces  laminations  and  wide  belts,  also  con- 
formable with  the  rest  (except  where  large  areas  come  in)  of 

402.  Syenitic  gneiss  (and  of  quartzyte):  also 
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403.  Micaceous  hornblende  rock,  apparently  hornblendic  syen- 
ite. 

Where  No.  402  occurs  in  large  ureas  its  boundary  is  not  always 
parallel  with  the  schists,  but  jogs  across  a  foot  or  two  of  them 
and  then  runs  again  parallel,  sometimes  also  crowding  them  con- 
fusedly. This  is  on  the  island  nearest  the  point  at  the  narrow 
passage  for  canoes  bound  west.  The  extremity  of  the  point  is  of 
the  same  character  of  rock,  but  the  change  from  the  talcose  (?)  to 
mica  slate  or  schist  is  very  gradual  und  imperceptible,  the  colors 
and  characters  blending  and  mixing  apparently  in  the  same  rock. 
At  the  same  time  the  tjuiirt/.  interlaminations  and  deposits  of  the 
talcose  (?)  slates,  mined  for  gold,  become  tiyenite  in  the  mica 
schists  (with  fewer  quartz  veins). 

Further  north,  perhaps  a.  mile,  the  syenite  runs  both  obliquely 
across  the  schists,  in  sharply  defined  veins,  and  also  nearly  coinci- 
dent with  them.  In  one  case  a  belt  curves  round  from  one  system 
to  the  other.  There  is  ulso  in  the  schists  a  net  work  of  harder, 
more  (guartzose  rock,  which  crosses  itself  both  finely  and  coarsely, 
and  becomes  evident  on  the  weathering  of  the  formation  along 
the  water  line.  The  schists  here  tilso  contain  fine  crystals  of 
pyrite. 

404.  About  a  mile  and  a  half  further  northwest,  up  adeep  bay, 
is  a  ridge  of  granite,  massive  and  jointed,  not  laminated  or 
schistose.     This  is  on  a  point  of  the  N.  shore. 

405.  A  few  rods  further  a  ridge  of  this  rock  appears.  This  is 
firm  mica  schist,  with  reticulations  and  interlaminations  of  gray 
qnartzite  and  quartz,  and  also  cross  layers  and  interlaminations  of 
syenite.  In  the  mtiin  the  syenite  is  coincident  with  the  schistose 
structure.  In  this  locality  are  many  islands,  made  up  apparantly  of 
rock  like  No.  405.  north  of  which  is  a  large  bay  running  far  west. 
North  from  the  last  point  on  the  north  side  of  this  bay,  the  mica 
schists  again  are  seen,  of  the  same  kind  as  the  last,  but  the  struc- 
ture and  laminations  all  dip  to  the  north  (a  trifle  east)  at  an  angle 
of  about  30°  from  the  horizon. 

406.  Mica  schist  from  the  north  side  of  this  long  bay  (as  above 
noted)  with  included  gneiss,  on  the  north  shore  of  Vermilion 
lake. 

407.  A  micaceous  quartz,  from  near  the  same  point. 
This  coast  is  bold  and  more  rocky,  ninning  NE.     The  dip  and 

character  of   the  last  continue  northeastward  past  several  points, 
the  rock  becoming  more  granitoid. 


vSi 
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408.  Fairly  represents  the  whole  of  the  exposure,  a  confused 
granitoid  rock,  with  patches  of  mica  schist. 

409.  Granite.  On  the  next  little  point,  which  encloses  (on  the 
E.)  a  deep,  narrow  bay  running  N.  to  the  outlet  of  Vermilion  L.  is 
an  exposure  of  gneiss  which  passes  confusedly  to  granite  and  to 
mica  schist,  but  has  no  schistose  structure.  It  appears  as  if  a  very 
coarse  conglomerate  might  have  been  brecciated  and  then  meta- 
morphosed. There  are  small  patches  of  mica  schist  surrounded  by 
gneiss,  and  bands  of  coarse  granite  running  through  the  whole 
varying  to  a  fine  granite,  and  so  to  a  micaceous  quartzyte.  It  is 
smooth,  massive  and  bare. 

410.  Granite  ;  same  place  as  No.  409 — pinkish. 

411.  GraYiite  ;  same  place  as  No.  409 — pinkish. 

412.  Mica  schist ;  same  place  as  No.  409. 

413.  Mica  schist,  from  the  Vermilion  rapids,  at  the  outlet  of 
Vermilion  Lake  northward. 

At  the  outlet,  which  leaves  the  lake  northwardly,  and  which 
seems  to  be  in  the  northwestern  part  of  the  lake,  the  water  goes 
down  about  50  feet,  with  considerable  tumult,  over  large  boulders 
of  coarse  granite,  without  much  exposing  the  underlying  rock  in 
situ  along  the  river.  But  by  the  freshness  of  slabs  of  mica  schist, 
and  their  size,  it  may  be  inferred  that  the  rock  under  the  rapids  is 
No.  413,  and  on  the  east  side  of  the  bay  from  which  the  river  goes 
the  same  rock  as  No.  413  can  be  seen  in  situ. 

Eastward  from  the  Outlet  bay  the  rock  soon  appears,  and  is  a 
coarse  granite,  viz  : 

414.  Granite,  with  a  little  mica  schist  in  spots. 

415.  Mica  schist,  embraced  in  No.  414  ;  north  shore  of  Ver- 
milion Lake.  The  same  (granite  and  mica  schist)  continue  round 
the  deep  bay  running  east,  and  along  the  south  shore  of  the  same, 
so  far  as  the  few  exposures  allow  a  judgment  to  be  formed,  and  on 
the  point  where  the  shore  finally  turns  south  again,  the  rock  is 
also  mica  schist,  enclosing  patches  of  coarsely  crystalline  granite, 
the  whole  dipping  N. 

416.  Mica  schist,  from  long  point  on  the  N.  shore  of  Vermil- 
ion Lake,  east  of  the  outlet;  varying  to 

417.  Micaceous  quartzyte. 

This  long  broad  point,  which  extends  southwardly,  leads  to  the 
location  of  No.  404  and  No.  405.  The  mica  schist,  with  associa- 
ted granite  (or  No.  404)  occupies  the  N.  shore  all  the  way  round. 
It  is,  npt   yet  possible  to  say  whether  [these  granite  and  syenite 
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areas  are  embraced  in  the  Huronian  or  indicate  a  conformable  ap- 
proach to  the  Laurentian. 

418.  At  about  a  mile  S.  E.  from  the  location  of  No.  404  and 
No.  405,  on  the  north  shore  of  the  lake,  but  on  the  south  shore  of 
this  long  broad  point,  on  the  N.  side  of  a  bay,  is  seen  this  fine 
granite,  and 

419.  Micaceous  quartzyte.  These  are  about  equally  divided  in 
making  a  rocky  point,  and  have  a  schistose  structure  running  S. 
15®  W.,  nearly  vertical.  The  point  is  high,  firm  and  bare,  the 
schist  being  knit  by  reticulations  of  harder  quartzyte,  and  by  bands 
of  granite,  so  as  to  resist  disintegration.  / 

There  are  several  other  outcrops  of  similar  rocks  on  this  long 
point,  as  far  as  to  and  beyond  a  long  bay  running  S.  W.  This 
bay  along  the  south  coast  is  rocky,  and  is  made  up  of  mica  schist 
with  reticulations;  but  it  is  softer,  finer  and  apparently  approxi- 
mating a  talcose(?)  character.  Glaciation  here  runs  S.  30°  W. 
and  the  slates  run  in  about  the  same  direction ;  represented  by 

420.  Soft  mica  schist. 

421.  As  this  '^north  shore''  begins  to  turn  east,  the  coast  is 
high  and  rocky.  This  is  after  passing  the  narrow  canoe  passage 
mentioned  under  No.  403,  and  S.  E.  from  Simond's  location  about 
a  mile.  There  is  a  prominent  system  of  joints  dipping  N.  and  not 
an  evident  schistose  structure.  The  veins  and  joints  are  either 
white  quartz  (some  has  been  worked  slightly)  pr  are  quartzitic. 
The  reticulations  mentioned  as  seen  in  the  mica  schist  are  much 
less  distinct,  or  are  wanting.     The  rock  is 

422.  A  talcose  { ?)  quartzyte. 

Three-fourths  of  a  mile  further  east  this  rock,  No.  422,  shows  a 
schistose  structure  running  W.  S.  W.  and  sloping  to  the  south  (or 
S.  E.)  The  slabs,  sliding  oflF  according  to  the  joints,  hide  from 
first  view  this  structure,  and  also  make  the  immediate  shore  pre- 
cipitous. 

423.  Ore  from  Nobles' mining  location;  Vermilion  Lake.  This 
is  about  a  mile  N.  W.  from  the  Minnesota  Company's  location, 
and  on  the  south  side  of  a  long  point  extending  S.  E.  from  the  west 
shore,  and  on  the  north  side  of  the  included  bay.  The  rock  is  a 
chloritic  (or  talcose)  (?)  slate,  varying  to  a  greenish  schistose 
quartzyte.  It  has  pyrite  crystals^  scattered  through  one  or  two 
narrow  quartz  veins  (each  1  to  4  inches)  and  also  through  much  of 
the  siliceous  rock  itself.  The  frame  of  their  mill  still  stands,  and 
two  large  reverberatory  furnaces,   amid  the  rnins  of  other  ma- 
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chinery.     The  stamps  were  five,  made  in  Chicago.     In  this  mill 
much  of  the  country  rock  was  crushed  jus  well  as  the  quartz. 

424.  Chloritic  schist;  from  a  little  west  of  the  Minnesota 
Co.'s  location.  The  structure  here  runs  W.  S.  W.  and  slopes  a 
little  north.  Also  at  other  points  between  this  point  and  Nobles' 
the  structure  slopes  N.  This  number  is  only  a  local  variation  in 
the  prevailing  slates  of  the  region,  extending  only  about  6  feet. 

425.  Pyritiferous  granulyte,  (quartz  and  feldspar)  and  blue 
scales  from  some  of  its  joints.  This  roQk  forms  a  low  island  in  a 
large  bay  west  of  the  Government's  Station,  or  that  principal  part 
of  Vermilion  Lake  which  is  next  west  of  the  Station,  and  is  shut 
in  on  the  north  by  a  long  promontory-like  point  with  drift  boulders 
and  sand  on  the  immediate  coast,  along  the  S.  E.  side.  The  island 
is  near  the  head  of  this  bay,  about  two  miles  from  the  station. 
The  rock  is  jointed  and  somewhat  schistose  coarsely,  in  about  the 
same  direction  as  the  slates  here,  and  slopes  N.  It  seems  to  be 
a  part  of  the  slate  formation:  but  there  is  not  sufficient  exposure 
south  and  east  of  this  point  to  make  it  certain. 

426.  The  rock  of  Elv  Island  or  its  variations.  Much  of  it  i» 
like  No.  311  and  No.  375,  perhaps  the  greater  part.  It  is  mostly 
of  a  light  dblor,  often  with  a  light  green  tint,  having  free  quartz 
in  a  matrix  generally  amorphous  but  yet  presenting  a  fibrous  or 
broken  schistose  texture;  passing  to  a  porphyritic  rock  (with  albite 
crystals)  (?)  and  to  a  pyritiferous  syenite.  On  the  north  side  of 
Ely  Island  is  ito  be  seen  a  conspicuous  white  quartz  lead,  or  vein» 
about  thirty  inches  thick,  sloping  about  55®  from  the  horizon  to 
the  north,  distant  from  the  west  end  of  the  island  about  a  mile. 
It  rises  so  as  to  make  one  of  the  highest  parts  of  the  island.  Some 
working  for  gold  ha«  been  done  on  this  quartz,  near  the  lake.  The 
quartz  itself  is  barren,  but  the  adjoining  rock  is  pyritiferous,  like 
nearly  all  the  rock  about.  It  has  a  structure  dipping  north,  the 
s^ue  Its  the  lead  of  quartz,  and  is  jointed  in  all  directions. 

On  the  north  slope  of  Ely  Island  glaciation  shows  S.  8®  W.,  and 
on  the  top  of  the  island  it  is  very  coarse  and  in  the  same  direction. 

In  traveling  over  the  island,  where  much  of  the  rock  is  bare^ 
occasionally  may  be  noticed  bright  red  pieces  of  jasper  superficially 
embraced  in  the  formation,  some  of  them  three  or  four  inches 
across.  The  position  and  structure  of  these  pieces  is  at  vari- 
ance with  the  schistose  structure  of  the  rock  in  which  they  are  em- 
braced. They  at  once  recall  the  '^  gunflint  beds,''  which  at  Gun- 
flint  Lake  first  overlie  a  similar  greenish  and  magnesian  formation, 
having  a  slaty  and  a  schistose  structure  like  that  seen  here.  These 
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pieces  seem  here  to  be  relies  of  that  formation,  which  once  must 
have  extended  over  Ely  Island,  but  now  is  unknown  about  the 
immediate  shores  of  Vermilion  Lake.  The  quartzyte  (and  gun- 
flint  series)  underlying  the  low^est  igneous  overflow  of  that  age, 
was  probably  so  thin  that  the  heat  so  softened  the  underlying 
(Huronian?)  schists  that  some  of  the  more  siliceous  and  less  fusi- 
ble parts  of  the  gimflint  beds  were  cemented  into  the  schistose, 
and  after  the  erosions  of  the  ja^lacial  epoch  they  still  are  seen  so 
embraced.  This  heat  produced  a  second  metamorphoism  of  the 
magnesian  formation  also,  changing  it  locally,  Jipparently.  to  a 
phonolitic,  or  porphyritic,  partially  crystalline  rock.  Some  of 
these  relics,  still  attached,  are  conglomeritic;  and  one  area,  which 
is  embraced  in  a  depression  in  the  upper  surface  of  the  schists,  is 
over  two  feet  long  and  eight  inches  wide.  Loose  pieces,  pertain- 
ing to  the  drift,  may  he  seen  on  the  top  of  the  island,  being  of 
black  quartzyte,  showing  that  the  quartzyte  formation  must  have 
extended  once  to  Ely  Island  at  legist,  since  the  movement  of  the 
drift-was  from  the  N.  and  E.  of  N.  It  may  also  have  extended 
further  north,  and  probably  did.  at  some  pre-glacial  time.  These 
jaspery  pieces.  ;i;enenilly  smaller  than  a  butternut,  but  sometimes 
Ji8  large  as  one's  fist,  are  nearly  always  angular,  or  but  little  round- 
ed, and  are  in  some  portions  thickly  sprinkled  over  the  surface  of 
the  schists. 

There  is  a  high  hill-range  to  the  south  of  Vermilion  Lake,  about 
a  mile  and  a  half  from  the  shore,  which  may  be  the  beginning  of 
the  trap  and  quartzyte  range  again.  That  would  be  in  conformity 
with  the  foregoing  hypothesis.  Indeed  these  hills  appear  to  be  of 
some  rock  diiferent  from  the  rock  along  the  south  shore  of  Ver- 
milion Lake,  as  they  do  not  appear  white  at  a  distance,  like  the  im- 
mediate shore  of  the  lake,  though  the  timber  is  wholly  burnt  from 
both. 

427.  Rock  of  Ely  Island,  containing  jaspery  pieces. 

428.  Pyritiferous  quartzyte.  from  Rison's  place.  Ely  Island. 
Passing  about  a  mile  up  a  river  running  into  the  south  part  of 

Vermilion  Lake  from  the  east,  about  two  miles  from  the  entrance 
of  Pike  river,  being  the  easterly  of  two  rivers  that  enter  the  lake 
near  together,  and  then  traveling  by  a  blind  trail  about  |  mile 
toward  Vermilion  Lake,  we  reach  an  old  iron-working,  said  to 
have  been  done  by  Stuntz  and  Mailman n,  under  the  direction  of 
Prof.  A.  N.  (/hester  in  1872.  This  iron  is  in  what  has  been  de- 
nominated in  these  notes  the  (runjlint  beds.  It  is  in  conformable 
arrangement  with  the  magnesian  schists  and  slates.     Indeed  the 
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Qunflint  series  here  presents  a  good  exposure.  It  stands  in  lami- 
nations and  schistose  bands  nearly  vertical,  and  is  only  a  modified 
superficial  condition  of  the  underlying  schists.  These  beds  pass 
downward  into  the  schists,  and  in  places  the  schists  and  the  schis- 
tose structure  penetrate  upward  into  the  jasper  and  iron.  The 
jasper  and  iron  are  in  some  places  replaced  by  bands  of  white 
quartz.  Here  are  all  the  beautiful  variations  between  jasper  and 
haematite,  banded  together,  and  quartz,  which  can  be  seen  at  Mar- 
quette.* Although  the  structure  of  these  beds  here  seems  to 
make  them  conformable  with  the  underlying  slates  and  schists, 

yet  it  may  be  this  structure  is  only  that  superinduced  on  them  at 
the  same  time  that  the  schistose  structure  was  formed  in  the 
schists,  the  original  bedding  (which  may  have  been  nearly  hori- 
zontal) having  been  obliterated  by  the  change.  In  the  same  man- 
ner, or  in  a  similar  manner,  the  bedding  of  the  same  formation 
has  been  seen  to  be  destroyed  by  contact  with  metamorphosing 
agencies,  as  at  places  on  Pigeon  Point,  and  a  very  diflerent  aspect 
given  to  the  formation.  Further  observation  of  this  horizon  is 
necessary  to  settle  this  question  of  conformability  between  these 
two  formations.  There 'are  several  knolls  of  the  schists  in  this 
vicinity,  capped  with  this  iron  and  jasper.  They  run  in  the  .usual 
direction,  a  little  south  of  west,  and  seem  to  l)e  very  persistent  un- 
der glaciation.  sis  they  would  naturally  be.  The  belt  must  run 
northeastward  toward  Gunflint  Lake,  and  is  here,  apparently,  about 
a  mile  wide.  The  greatest  thickness  seen  here  is  about  25  feet. 
There  are  gradations  in  the  coloring  of  the  quartz  nodules  in  this 
rock,  some  being  gray,  and  some  uncolored,  while  others  are  near- 
ly black,  and  some  vermilion  red  and  jasper  red.  The  name  of  the 
lake  is  supposed  to  have  been  derived  from  these  colored  pebbles. 

429.  Haematite  from  Vermilion  Lake,  as  above. 

430.  Conditions  of  the  silica  from  the  same  place. 

About  the  southwest  shores  of  Vermilion  Lake,  which  expands 
right  and  left  in  broad  sheets  of  water  and  in  bays,  that  have  a  di- 
rection according  to  the  trend  of  the  geological  structure,  much 
more  than  is  shown  on  any  maps  yet  published;  there  is  much 
drift,  some  of  the  points  and  narrow  land-lines  being  of  stratified 
sand,  while  along  the  coast  in  general  can  be  seen  only  boulders. 

Opposite  Winston,  the  town  site  laid  out  by  Maj.  T.  M.  New- 
son,  there  is  a  firm  gray  quartzyte  in  outcrop.  Several  other 
small  exposures  of  a  laminated  quartzyte,  with  a  structure  par- 

•Boulders  of  the  greenish  «<*hi»t«  occur  on  the  south  shore  of  Vermilion  Lake,  wlUi 
bands  of  Jasper  running  through  tliem  at  lea^t  three  feet  from  any  outer  surface. 
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allel  with  the  slateii  of  the  country,  occur  before  reaching  the  en- 
trance to  Pike  river. 

431.  Rock  that  forms  the  first  rapids  of  Pike  river;  three  feet 
of  gray,  firm  fine-grained,  heavy  crystalline  rock,  similar  to  some 
of  the  beds  of  the  quartzyte  and  slate  formation. 

At  the  main  rapids  of  Pike  river,  where  the  first  portage  occurs, 
there  is  a  tumbling  fall  of  six  or  eight  feet,  making  a  good  water- 
power.  This  is  about  ^  mile  from  the  bay  where  the  river  enters, 
and  here  is  a  considerable  exposure  of  rock,  on  each  side  of  the 
river. 

432.  In  general  a  gray  quartzyte,  but  varying  to  a  syenitic 
rock,  and  to  a  siliceous  slate,  and  to  white  quartz,  as  well  as  to  a 
tremolitic  ( ?)  mica  schist,  which  is  dark  gray.  It  exhibits  small 
faults,  in  which  the  otherwise  parallel  and  regular  strata,  or  lami- 
nations, are  jagged  or  twisted,  the  west  end  moving  southwardly 
about  5  inches  or  less.  This  rock,  except  in  its  perpendicular  ar- 
rangement, and  the  absence  of  trap,  resembles  the  gray  quai*tzyte 
formation  of  Pigeon  Point.  It  is  more  highly  tilted,  and  gener- 
ally metamorphic.  The  beds  are  nearly  perpendicular,  but  dip  to 
the  south.     If  this  be  in  the  strike  of  the  gray  quartzyte  and  slate, 

.  the  Vermilion  iron-ore  belt  must  pass  north  of  here,  running  be- 
low the  south  arm  of  Vermilion  Lake,  or  perhaps  crossing  Pike 
river  north  of  the  rapids.  The  structure  of  these  beds  is  parallel 
with  that  seen  at  the  iron  beds  at  the  location  southeast  of  Ver- 
milion Lake.     Glaciation  above  the  rapids  is  N.  and  S. 

The  ri^er  above  the  falls  and  rapids  is  923  feet  above  Vermilion 
Lake,  by  aneroid,  and  above  the  third  rapids  is  938  feet,  where  the 
glaciation  was  S.  10®  W.  The  rock  at  these  third  rapids  is  of  the 
same  gray  quartzyte  formation,  the  strata  running  E.  and  W.,  and 
dipping  S.  at  an  angle  of  about  60®.  On  another  knoll  the  struc- 
ture runs  W.  25®  N.  This  is  also  true  just  at  the  upper  landing; 
in  other  places  it  is  lost,  the  rock  becoming  massive,  but  having 
then  a  coarser  grain.  Where  the  structure  is  W.  25®  N.  the  beds 
stand  more  nearly  vertical.  At  a  point  on  the  left  side,  about  a 
mile  above  the  last  portage,  and  before  reaching  the  fourth  rapids, 
there  is  an  outcrop  and  a  covered  ridge  #f  quartzyte,  the  beds  of 
which  are  about  10®  out  of  perpendicular,  and  dip  to  the  north. 
Their  edges  run  W.  5®  N. 

Two  other  rapids  in  Pike  river,  passed  without  portage,  show  no 
rock  in  situ^  the  water  rolling  over  boulders,  but  at  the  first  there 
is  no  doubt  that  the  quartzyte  from  the  ridge  and  outcrop  last  de- 
scribed closely  underlies.     A  short  portage  is  then  soon  made,  at 
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the  crossing  of  the  ''Vermilion  road/'  the  rapids  here  being  styled 
"Devils  gate  rapids/'  Here  also  are  only  boulders,  but  from  the 
size  and  frequency  of  large  quartzyte  masses,  that  rock  is  judged 
to  be  still  underneath. 

At  a  point  judged  to  be  about  five  miles  from  Vermilion  Lake 
occurs  a  low  irregular  outcrop  on  the  right  bank  of  the  river,  rep- 
resented by 

,  433.  A  tine-gimined  reddish  gneiss.  This  does  not  show  cer- 
tainly the  direction  of  "bearing,"  but  by  its  generally  up  and  down 
fracture  it  seems  to  be  allied  to  the  quartzyte  formation,  as  well  as 
by  its  composition,  the  quartzyte  formation  sometimes  passing  in- 
to gneiss.     This  is  highly  inclined. 

About  3  miles  further  begins  a  portage  across  a  cranberry  marsh 
about  a  mile  over.  The  trail  is  covered  with  about  two  inches  of 
water,  and  the  river  is  but  little  lower. 

The  summit  portage  which  leads  to  a  stream  flowing  south  (the 
Embarras)  is  over  three  miles  long.  It  is  a  difficult  portage,  go- 
ing over  alternating  sandy  plains  of  Norway  pine  and  wet  tama- 
rack or  ericaceous  bogs.  In  the  swamps  are  laid  small  poles  and 
sticks,  which,  if  a  person  does  not  slip  from,  keep  his  feet  out  of 
the  water  and  mud,  but  which  from  their  insecurity  to  booted  feet 
prove  a  great  aggravation.  It  is  mainly  a  flat  country  with  a 
gradual  descent  to  the  south  and  occasional  steps  downward  from 
plain  to  plain,  the  steps  being  boulder-strewn.  There  are  also 
kames  of  gravel  and  sand.  From  the  abundance  of  granite  boul- 
ders, it  is  probable  that  the  entire  distance,  from  whei'e  the  trail 
leaves  Pike  river  to  the  Embarras,  is  occupied  by  one  of  the  Lau- 
rentian  belts,  indicated  also  by  the  reverse  dii)  seen  at  several 
points  on  the  Pike  river.  It  is  really  the  Mesabi,  or  divide  be- 
tween streams  flowing  N.  and  S.  though  the  great  range  is  about 
two  miles  further  south.  At  about  a  mile  from  the  north  end  of 
this  long  portage,  (which  is  dritt-covered  and  generally  dry  to  this 
point)  occurs  a  dome  of  moutonne-ed  syenite,  viz.: 

434.  Syenite,  with  some  of  the  feldspar  flesh-colored,  and  some 
of  it  white.  This  is  on  the  right  of  the  trail,  and  spreads  several 
rods  round,  rising  6or4<)  feet.  This  is  about  \  mile  north  of 
where  the  famed  "Mesa])i  Rights"  first  appear  in  traveling  south. 
From  the  north  the  ''Rights''  have  an  irregular  contour,  not  like 
the  qtiartzyte  and  trap  range  along  the  Boundary  and  Mountain  and 
Rove  lakes,  but  more  like  a  great  drift  moraine.     They  rise  several 

•In  t>aj»sing  this  summit  iM)rlage  tiieshnib  Sarct  hVrn  is  seen  throwing  abundantly,  on  a 
gravci  ridge  or  "kame". 
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hundred  feet  above  the  surrounding  country.  They  may  be  su- 
perficially of  drift,  but  probably  their  location,  hight  and  compo- 
sition are  largely  made  by  rocky  barriers.* 

The  Embarras  river  is  lake-like,  for  J  mile;  then  rapids,  and  | 
mile  portage,  the  descent  being  64  feet,  to  a  lake.  Throughout 
this  portage  there  is  no  rock  in  situ — only  Laurentian  boulders 
can  be  seen,  and  they  are  very  numerous.  The  same  is  true  along 
the  river,  except  at  one  point  where  there  is  a  visible  bare  rock, 
on  the  right  bank  of  the  same  sort  as  the  boulders,  which  is  prob- 
ably in  place,  viz: 

435.  A  Laurentian  syenite,  like  the  rock  No.  305,  at  the  east 
end  of  Gunflint  Lake,  lying  near  the  line  of  strike  of  the  quartz- 
yte  and  slate  formation.  This  forms  here  the  lower  reaches  of 
the  Mesabi.     The  range  seems  to  be  of  drift. 

Along  the  east  side  of  the  next  lake  is  high  land,  but  no  rock 
can  be  seen.  About  a  mile  from  the  north  end  of  this  lake  is  a 
high  knoll  on  the, west  side  of  the  lake,  but  there  is  no  sign  of 
rock.  The  whole  country  is  deeply  drifted.  This  feature  steadil}^ 
increases  in  going  south  after  leaving  the  south  end  of  Vermilion 
Lake.  The  course  of  travel  seems  to  be  mainly  in  the  line  of  the 
great  central  glacier  of  this  part  of  the  State.  The  Embarras  riv- 
er here  passes  through  one  of  its  lateral  moraines.  This  lake  is 
about  5  miles  long  and  averages  ^  mile  wide.  At  the  foot  of  this 
lake  is  the  "Squagemaw  Bridge''  where  the  Vermilion  road  from 
Duluth  crosses  the  river.*  This  bridge  is  about  on  section  5,  T. 
58, 15. 

From  SquacfemaN'  Bridge  to  Little  Falls. 

High  land  extends  indefinitely,  in  the  form  of  hills,  along  the 
west  side  of  the  Embarras  river,  southwestwardly  from  the  Squage- 
maw  bridge  (Sec.  8,  T.  58,  15).  These  hills  seem  to  be  made  of 
drift,  lying  here  on  the  Laurentian  (No.  435),  without  apparent 
conformity  or  parallelism  with  any  rock-range,  the  river  crossing 
the  drift-range  about  a  mile  above  the  bridge. 

The  road  to  the  Mesabi  iron  location  passes  eastwardly  from  the 
bridge,  through  the  northern  tier  of  sections  of  T.  58,  15,  reveal- 
ing a  very  fine,  level  (burnt)  tract  of  farming  land,  underlain  by  a 
coppercolored  drift-clay.  In  section  31,  of  T.  59, 14,  the  drift  clay 
is  seen  to  contain  a  great  many  pieces  of  jaspery  and  quart zi tic 

•Squageniuw  means  "last  lake,"  and  the  word  applies  to  the  second  lake  below  this. 
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rock  from  the  gunflint  beds.  On  Sec.  28,  of  the  same  town,  near 
the  center  of  the  section,  some  surfiice  work  has  been  done  to  de- 
velop the  iron  of  this  region.  Some  shallow  pits  have  been  sunk 
and  one  east  and  west  trench  dug,  but  none  of  these  works  seem 
to  have  reached  the  bed-rock.  The  drift  here  consists  almost  en- 
tirely of  debris  of  fche  quartzyte  and  gunflint  beds.  Some  pieces 
of  pretty  good  haematite  are  also  mixed  with  this  debris.  Near 
the  section  line  between  15  and  14  is  another  pit,  sunk  alongside 
the  faulted  rock  of  the  gunflint  beds,  the  face  of  the  bluflF  appear- 
ing above  the  ground  and  looking  S.  E.  (A).  The  face  then 
swings  round  so  as  to  look  south.  The  compass  is  exactly  reversed 
by  the  proximity  of  magnetic  oxide,  glaciation  being  estimated  at 
20®  W.  of  S.  The  ore  here  is  closely  associated  with  the  rock, 
and  they  run  together,  and  blend. 

Almost  due  west  from  the  foregoing,  distant  about  half  a  mile, 
are  several  other  trial  pits,  intended  to  show  the  trend  and  surface 
characters  of  the  layers  containing  the  iron,  (B).  Here  the 
^ace  of  the  break  looks  north,  an4  the  beds  dip  a  little  toward  the 
south.  The  rock  rises  to  the  surface,  and  the  needle  is  useless. 
The  layers  are  about  3  or  4  inches  thick,  differing  from  (A),  where 
the  rock  is  massive  or  in  heavy  layers.  Here  seems  to  be  a  large 
amount  of  good  iron,  but  it  cannot  be  stated  how  far  these  char- 
acters extend  without  elaborate  magnetic  observations.  The  for- 
mation is  the  great  quartzyte,  probably  near  the  bottom. 
'  Along  the  road  further  northwest  is  another  working  (C),  which 
is  near  the  road,  and  marked  by  a  high  ridge  of  the  iron-bearing- 
rock  running  E.  and  W.,  and  dipping  nearly  N.  The  upper  part 
of  this  exposure  is  hardened  and  massive,  and  black.  This  is 
about  5  feet  thick,  as  seen  in  the  pit,  and  under  it  is  a  thickness  o£ 
about  5  feet  more  of  a  loose  limonitic  mass.  This  is  a  conspicu- 
ous irony  ridge,  but  its  effect  on  the  needle  is  not  so  great  as  at 
(A)  and  (B). 

436.  Ore  from  the  Mesabi  iron  range,  shaft  (A.) 

437.  Associated  rock  at  (A.)     This  is  charged  with  siderite,  and 
even  becomes  changed  to  siderite,  as  at  Gunflint  Lake. 

438.  Ore  from  the  Mesabi  iron  range;  shaft  (B). 

439.  Rock  associated;  similar  to  No.  437. 

440.  Ore  from  the  Mesabi  iron  range,  shaft  (C),  near  the  bot- 
tom; somewhat  limonitic  and  carbonated. 

441.  From  the  same  shaft  near  the  top. 

About  half  a  mile  south  of  the  last  Is  a  shallow  pit  dug  for  sil-- 
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ver.  This  is  in  the  gray  quartzyte.  The  country  rock  is  some- 
what banded  with  iron. 

442.  Rock  of  the  country:  from  the  Mesabi  iron  range,  from 
a  shaft  sunk  for  silver. 

On  this  range  of  high  land  are  considerable  tracts  of  hard  wood^ 
with  only  scattering  pines.  The  large  trees  are  gray  birch,  elm, 
sugar  maple,  white  birch,  black  ash.  The  white  pine  and  white 
cedar  creep  in  slowly  along  damp  spots  or  slopes,  and  some  large 
tracts  are  principally  covered  with  pine,  the  trees  being  some  of 
the  largest  seen  in  the  State. 

Other  trial  pits  for  iron  were  sunk  in  1874  in  T.  60  N.  said  to 
have  promised  even  better  than  the  foregoing  in  town  59. 

Between  the  second  and  third  lakes  of  Embarras  River  there  is  a 
rapid,  and  a  descent  of  about  15  feet,  making  it  necessary  to 
portage  about  20  rods.  This  makes  a  fine  water-power,  and  is  well 
situated  for  a  lumber  mill.     No  bed-rock  is  visible — only  boulders. 

The  country  has  but  little  grown  timber,  what  there  is  being 

scattered  Norway  pine.     The  whole  surface  for  many  miles  in  all 

directions  appears  to  have  been  devastated  several  times  by  fire 

during  the  last  15  years.     Hence  there  is  a  small  growth  of  asjien 

almost  everywhere,  varying  in  age  from  one  to  a  dozen  yeai-s. 

This  lake  is  small,  and  the  river  goes  by  a  similar  rapid  into  the 

4th  lake  of  Embarras  River,  with  a  descent  of  about  8  feet  in  10 

rods.     This  lake  is  separated  by  narrows  like  a  river  into  two  parts, 

and  finally  passes  into  the  real  Squagemaw  Lake  (last  lake)  at  the 

head  of  which  is  a  sandy  beach,  the  portage  to  which  is  about  30 

rods.     This  lake  is  larger  than  either  of  the  last  two.     Below  this 

lake  the  river  has  a  considerable  volume  and  c;jirrent,  and  often 

sandy  banks,  the  country  also  being  flat  and  sandy,  with  generally 

small  timber,  mixed  pine  and  hardwood,   but  many  aspens  and 

birches. 

White  oak  was  first  seen  at  Squagemaw  Lake.     There  is  no  bur 

oak  in  this  country,  so  far  as  can  be  seen  in  traveling  this  route, 
but  various  maples,  ash  and  elm  are  common,  also  bass.  The 
balm  of  gilead  is  not  a  common  tree.  It  seems  to  prefer  the  lake 
shores.  The  land  is  generally  dry  (to  town  56,  17),  at  least  so  far 
as  cim  be  seen  from  the  river,  with  occasionally  an  exposure  of 
drift-clay,  affording  small  stones.  The  rapids  along  the  stream 
show  only  bowlders,  there  being  apparently  a  heavy  deposit  of  cop- 
per-colored drift-clay  over  which  the  river  runs. 

Passing  down  the  St.  Louis  river  to  the  mouth  of  the  Big  White- 
face  river,  the  drift,  which  everywhere  is  thick  and  hides  the  rock 
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from  sight,  can  be  summarized,  so  fjir  as  seen  along  tlie  river,  in 
three  parts  :  1.  Red  gravelly  clay,  or  "'  pebbly  clay."  2.  Lami- 
nated gray  clay.     3.  Red  stony  clay,  the  last  being  at  the  bottom. 

There  is  but  little  change  in  the  features  of  the  country,  from 
Squagemaw  bridge  to  the  mouth  of  the  Savannah  river.  It  is  all 
arable  and  habitable  land,  and  is  destined  to  be  filled  with  an  agri- 
cultural population.  There  are  vast  tracts  on  the  St.  Louis,  above 
the  mouth  of  Big  Whiteface  that  are  burnt,  but  seem  to  have 
been  generally  more  sandy  than  clayey,  and  are  flat,  the  level  be- 
ing about  30  feet  above  the  river.  At  some  points  above  there  is 
a  heavy  red-clay  drift,  and  thft  banks  are  about  40  feet  above  the 
river.  At  the  Big  Whiteface  the  banks  are  about  20  feet  above 
the  river,  and  the  adjacent  country  is  flat.  The  Savannah  river 
drains  a  flat  country,  underlain  by  clay  (which  at  its  mouth  is  red. 
and  horizontally  stratified),  and  each  tributary  is  skirted  by  a  grassy 
border  on  each  side,  which,  further  up,  becomes  a  tanierack  swamp, 
but  nearer  the  main  river  is  enclosed  by  aspen,  on  flat  ground  but 
little  above  the  river.  The  region  of  the  Savanmih  river  is  gen- 
erally timbered,  mainly  with  aspen,  somewhat  with  white  oak  and 
white  pine  and  spruce,  find  an  occasional  tree  of  balm  of  Gilead. 
The  old  portage  trail  from  the  St.  Louis  to  the  Mississippi  river, 
by  way  of  the  Savannah  river,  is  now  abandoneil  and  obliterated. 
It  is  superseded  by  another  7  miles  long,  which  leaves  the  vSt.  Louis 
about  on  Sec.  27,  T.  51.  20.  about  ^  mile  below  the  large  island 
represented  on  the  surveyor's  township  plats.  This  leads  to  Prai- 
rie Lake,  and  thence  through  Prairie  river  (when  not  too  low), 
reaches  Sandy  Lake  and  the  Mississippi.  The  countr}^  through 
which  the  portage  passes  is  generally  dry,  but  it  pjusses  through  one 
cranberry  swamp  at  about  six  miles  from  the  St.  Louis.  The  poi> 
tage  trail  also  lies  on  a  glacial  kame  for  some  distance,  at  about 
3f  miles  from  St.  Louis  river.  The  country  is  not  generally  flat, 
but  often  undulating  or  even  hilly,  especially  between  three  and 
four  miles  from  the  St.  Louis.  The  kame  mentioned  runs  some 
south  of  west,  and  has  swampy  tracts  on  the  north  and  south 
sides.     At  5  miles  the  drift  was  seen  to  be  red  clay,  with  pebbles. 

The  trees  to  be  seen  on  this  portage  consist  of  the  {following, 
about  in  the  order  named  for  frequency:  Aspen,  white  pine, 
white  birch,  balsam,  tamarack,  white  spruce.  Norway  pine,  soft 
maple,  sugar  maple,  white  cedar,  iron  wood,  elm,  tush  (white  and 
black),  blue  beech,  black  and  bur  oak,  small  red  cherry  (sometimes 
six  or  eight  inches  in  diameter),  bass,  gray  birch  (small  trees). 
There  is  much  doubt  whether  the  true  black  spruce  grows  in  this 
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State,  or  in  the  northwest — such  as  seen  in  Maine  and  used  there 
for  lumber.  Ours  seems  to  be  all  white  spruce,  and  rarely  be- 
comes large  enough  for  boards,  although  it  does  sometimes.  Mr. 
Lapham  names  hemlock  as  one  of  the  trees  of  Minnesota,  but  it 
has  never  been  seen  by  this  sui^vey,  nor  can  any  one  be  found  who 
<;an  name  a  locality  where  it  grows  in  the  State. 

The  level  of  Prairie  Lake  is  about  135  feet  above  that  of  the 
St.  Louis  River  where  the  portage  leaves  it,  according  to  a  series 
of  Aneroid  observations  in  an  unfavorable  state  of  the  weather. 

Prairie  River  being  too  low  for  canoes,  a  portage  of  16  miles  is 
still  necessary  to  the  shore  of  Sandy  Lake.  This  portage  discloses 
no  rock,  but  passes  through  a  good  drift-covered,  agricultural 
country,  flat  to  undulating,  all  timbered,  formerly  with  much  good 
pine.  The  western  part  of  the  portage,  however,  passes  through 
considerable  tamarack  swamp.  The  swamp  occurs  before  crossing 
the  W.  Savannah  River.  On  the  west  side  of  that  river  (which  is 
a  tributary  of  the  Prairie  River)  the  land  is  dry  and  sandy,  with 
small  Norway  pines.  The  shores  of  Sandy  Lake  are  of  sand,  with 
only  occasional  points  of  gravel,  or  small  boulders.  On  reaching 
the  Mississippi  River,  the  drift  is  seen  to  be  gray  hardpan,  thus 
contrasting  with  the  drift  seen  on  the  St.  Louis,  and  on  the  port- 
age trail  to  Prairie  Lake.  At  four  miles  above  Aitkin  it  is  also 
gray  and  of  the  later  drift  epoch.  The  flood  plain  is  14  ft.  above  the 
river  generally,  but  occasionally  new  flood  plains,  now  making,  are 
from  5  feet  (or  from  zero),  to  14  feet  high.  The  new  plains  gen- 
erally rise  to  the  level  of  the  old  plain  at  their  up-stream  ends,  where 
the  two  unite  in  one,  the  former  gradually  taking  the  place  of  the 
latter  with  an  imperceptible  diminution  of  height.  This  new 
plain  sometimes  extends,  on  one  or  both  sides,  for  half  a  mile, 
or  a  mile,  making  it  appear  fis  if  the  real  flood  plain  were  but  six 
or  eight  feet  above  the  river.  Suddenly  a  higher  plain  strikes  |in 
from  the  country  in  traveling  down  the  river,  and  by  a  single  step 
the  level  is  as  before  about  14  feet.  Of  course  the  river  has  all 
stages  between  the  level  of  very  low  water  and  some  feet  above 
this  14  feet  flood  plain,  since  there  are  water  mju"ks  on 
the  trees  considerably  higher  than  14  feet.  At  a  point  a  short 
distance  below  Sandy  Lake  is  a  sandy  and  timbered  bluff  about  25 
feet  high,  having  Norway  pines,  but  with  that  exception  there  is 
no  land  between  Sandy  Lake  and  Aitkin  visible  along  the  river 
higher  than  this  14  ft.  flood  plain.  The  material  of  the  flood 
plain  is  generally  a  horizontally  stratified  fine  clay,  varying  to  a  fine 
sand,  but  the  laminations  are  sometimes  oblique  near  the  water 
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level,  and  on  the  top  sometimes  the  material  is  rather  sand  than 
clay.  This  flood  plain  is  heavily  timbered  with  elm,  white  oak^ 
soft  maple.  These  three  make  up  more  than  |  of  all  the  trees; 
but  there  are  also  white  birch,  aspen,  bass,  black  ash,  white  ash, 
gray  birch,  sugar  maple,  willow  and  among  the  conifers  a  sprinkling- 
of  white  pine,  balsam,  spruce,  tamarack  (and  one  tree  of  white 
cedar.) 

Between  the  river  and  the  village  of  Aitken,  a  distance  of  one 
mile,  the  country  generally  is  not  much  higher  than  the  above-men- 
tioned  flood-plain,  and  rises  imperceptibly  from  the  river  to  the 
railroad,  about  five  feet,  the  alluvium  being  replaced  superficially 
by  a  gray  hardpan,  with  boulders  on  the  surface,  the  timber  being* 
also  much  the  same. 

At  about  15  miles  below  Aitkin  appear  unmistakable  traces  of 
a  permanent  higher  flat,  where  it  approaches  the  river  and  has. 
been  cut  ofi^  like  a  terrace-step  by  the  action  of  the  current.  It  is 
two  to  four  feet  higher  than  the  flood-plain,  but  even  then  still 
appears  to  taper  do^ii  stream  to  the  level  of  the  real  flood-plain. 
In  descending  further  this  higher  flat  becomes  more  and  more 
marked  and  persistent,  the  river  itself  also  having  apparently  a 
lower  flood-plain  than  before,  so  that  the  real  diflerence  in  hight  be- 
tween the  two  plains  is  about  14  feet.  This  upper  flat  where  it 
approaches  the  river,  is  markedly  difi'erent  from  the  lower  flat 
which  accompanies  the  river  nearlv  all  the  way.  It  has  small  tim- 
ber,  and  a  few  scattering  pines,  with  occasionally  a  clump  of  bal- 
sam or  spruce,  or  is  a  devastated  burnt  plain,  while  the  lower  flat 
is  timbered  heavily  with  large  trees  of  elm,  oak,  ash,  and  basswood^ 
and  is  rarely  invaded  by  fire.  The  upper  flat  is  also  very  different 
from  the  lower  in  composition.  For  the  most  part  it  is  a  stony  or 
pebbly  drift  clay,  from  the  river  upward  (in  one  case  seen  to  be  a 
"pebbly  clay''  for  30  feet)  with  a  rusty  or  yellowish  sand  on  the 
top,  though  in  some  spots  the  sand  is  almost  wanting- -but  the 
lower  flat  is  a  fine  alluvium,  generally  a  laminated  clay. 

Further  down  the  river,  as  at  the  mouth  of  Pine  river,  this  up- 
per flat  is  unusually  elevated^  being  about  80  feet  above  the  flood- 
plain;  while  at  points  above  it  is  seen  to  gradually  increase  in 
hight  in  descending  the  river,  the  most  common  elevation  being 
40  or  50  feet  above  the  flood-plain.  The  same  change  is  to  be  seen 
at  and  above  Pine  river  as  already  noted.  A  lower  flood-plain  is 
seen  to  rise  within  the  real  flood-plain,  at  its  upper  end  being  near- 
ly of  the  hight  of  the  14  ft.  flat,  and  at  its  lower  to  gradually  be- 
come less  and  less  till   it  sinks  to  the  level  of  the  water.     The 
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highest  flat  has  Bank^s  pine  at  Pine  river,  and  at  some  distance 
above.  The  high  banlcs,  where  favorably  exposed  by  slides,  are 
seen  to  be  composed  of  gray  clay,  generally  pebbly,  but  usually 
with  boulders  in  the  river  adjacent.  This  clay  is  covered  with  a 
varying  thickness  of  yellow  stratified  sand.  The  clay  has  some 
limestone,  as  from  Winnipeg. 

But  below  the  mouth  of  Pine  river,  about  one  mile  and  a  half, 
a  red  clay  is  exposed  in  a  number  of  places,  in  cuts  in  the  high 
banks  of  the  river.  This  is  stony  and  sandy,  and  is  the  probable 
source  of  the  rusty  sand  seen  to  be  lying  over  the  gray  clay  already 
mentioned.  Still  further  down,  this  red  clay  is  seen  overlain  by 
much  rusty  sand.  As  a  rolling  or  undulating  surface  gradually 
comes  on,  the  cuts  are  generally  of  this  sand,  or  stones  and  sand 
with  little  clay,  the  river  running  faster  and  having  a  flood-plain 
of  only  six  or  eight  feet  hight.  The  gray  color  is  still  seen  in  low 
plains  or  flats  lying  between  the  red  knolls,  but,  generally  speak- 
ing, a  change  from  gray  drift  clay  to  red  takes  place  at  the  mouth 
of  Pine  river. 

At  the  French  Rapids,  a  short  dirtance  above  Brainard,  is  a  high 
and  rolling  tract  of  red  drift  which  furnishes  the  boulders  of  the 
rapids.  These  hills  rise  100  feet  above  the  river  just  above  the 
rapids. 

Below  Brainerd  the  ^country  is  very  sandy  and  undulating,  and 
the  flood-plain  seems  to  be  almost  wanting.  The  timber  is  mostly 
of  Bank's  pine.  About  Crow  Wing  there  is  less  sand,  but  abund- 
ance of  little  stones  and  of  gravel,  and  the  banks  are  only  8-10  feet 
high,  with  rapid  current  and  almost  no  floodp-lain.  Higher  drift 
banks  are  visible  in  the  distance,  east  and  west.  Below  the  French 
Rapids  the  real  *^red  clay"  is  not  seen  for  some  distance,  at  least  to 
Fort  Ripley,  but  in  its  place  can  be  seen  yellow  sand  and  red  sand, 
and  almost  clean  sand,  and  below  this  a  stony  gray  clay,  or  only 
stony  slopes  to  the  water.  But  as  red  clay  the  drift  appears  only 
where  mentioned,  at  and  below  the  mouth  of  Pine  river  to  the 
French  Rapids. 

Olmstead's  Bar  is  a  long  shoal,  about  two  miles  below  Fort  Rip- 
ley, and  the  flood  plain  is  low.  No  bedrock  is  visible — only  stones 
from  the  drift.  Prairie  Rapids  are  near  Belle  Prairie,  and  are  sim- 
ilar to  Olmstead's  Bar.  At  Belle  Prairie  the  flat  sets  in  on  which 
is  Little  Falls,  though  it  really  begins  some  miles  above,  although 
further  north  it  is  undulating,  and  can  hardly  be  styled  a  continu- 
ous flat  to  Brainerd.  It  still  seems  to  have  been  once  the  flood- 
plain  of  the  river,  in  the  same  manner  as  at  Little  Falls.     It  is 
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probable  that  then,  as  now,  the  river  had  a  swifter  current  above 
Belle  Prairie,  and  left  on  this  plain  a  sandy  sediment,  and  a  sur- 
face  more  susceptible  to  change  by  wind,  and  less  adapted  to  veg- 
etation, circumstances  which  have  tended  to  bring  about  a  moder- 
ately broken  surface.  It  is  probable  that  an  ancient  morainic 
belt  is  crossed  by  the  Mississippi  between  Pine  river  and  French 
rapids. 
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111. 
PALEONTOLOGY 


Nei€  Brachipoda  from  the  Trenton  and  Hudson  Biver  formations  in 

Minnesota^ 

By  N.  H.  WINCHELL. 


ORTHIS  WHITFIELDI  (N.  sp.) ' 

Shell  semi-oval,  the  hinge-line  being  a  little  less  than,  or  equal  to 
the  greatest  transverse  diameter,  the  cardinal  angles  being  a  little 
greater  than  90  degrees,  the  edge  passing  in  a  regular  semi-oval 
curve  through  the  antero-lateral  angles,  but  sometimes  with  a  very 
slight  inclination  in  front  toward  the  side  of  the  receiving  valve. 
Size  varying  from  9^  to  14  lines  in  transverse  diameter,  and  from 
8  to  11^  lines  in  perpendicular  diameter,  in  the  large  size  the  con- 
vexity being,  between  the  umboes,  6i  lines. 

The  receiving  valve  has  a  distinct  and  full  beak  and  umbo,  from 
which  the  surface  slopes  evenly  to  the  margin  all  round,  but  hav- 
ing a  little  flatness  at  the  cardinal  anglers.  The  cardinal  area  is 
arched,  and  at  its  union  with  the  cai'dinal  area  of  the  entering  valve 
forms  an  angle  with  it  of  nearly  90  degrees ;  its  hight  is  about  1-6 
its  length;  its  foramen  is  triangular  and  reaches  the  beak,  the 
width  across  the  base  beirig  somewhat  less  than  the  hight;  plica- 
tions of  the  surface  are  strong,  direct  and  simple,  but  double  their 
number  on  the  umbo  by  implantation,  and  again  in  the  same  way* 
before  reaching  the  margin,  where  they  number  from  36  to  48. 
Between  the  plicae  are  fine  cross-ridges  which  sometimes  rise  to 
•     the  tops  of  the  plicae^  but  do  not  cross  them  so  iis  to  \ye  preserved 

•By  implantation  is  meant  tliat  metliud  of  fjncrcase  wiiich  is  seen  in  tlie  rise  of  inter- 
mediate foids  in  the  surface  of  the  sliell  between  tlie  older  plicae^  whether  the  new  fold 
be  in  the  middle,  between  the  others,  or  is  seen  first  to  be  nearer  one  than  the  other  of 
the  older  folds,  there  being  no  change  in  the  size  nor  direction  of  the  larger  folds.  Bifur- 
cation signifies  a  nearly  equal  division  of  the  larger  folds  which  at  first  lessens  their  size 
and  changes  their  dlreriion. 
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in  our  specimens.  A  cast  of  the  interior  of  this  valve  shows  a  dis- 
tinct general  muscular  impression,  reaching  a  little  more  than  one- 
third  the  perpendicular  diameter  of  the  valve  from  the  beak,  and 
divided  longitudinally  into  shallow  furrows  and  ridges  converging 
within  the  beak,  four  of  the  former  and  five  of  the  latter,  with  a 
cross-striation  visible  on  that  portion  between  the  teeth  and  near 
the  foramen.  The  central  ridge  in  the  general  muscular  impres- 
sion on  the  cast,  does  not  reach  the  front  margin  of  the  scar,  but 
gradually  dies  out,  giving  place  to  the  adjoining  parallel  furrows 
which  widen  and  coalesce,  and  show  a  longitudinal  finer  furrow- 
ing or  striation.  The  next  ridges,  on  either  side,  are  marked  and 
prominent,  extending  to  the  anterior  angles  of  the  scar,  giving  it  a 
nearly  straight,  elevated  front  and  angular  corners,  somewhat  as 
in  0.  suhquadraia.  The  two  outermost  ridges  are  fainter,  but  ex- 
tend to  the  lateral  margins  of  the  sciir.  Still  outside  of  all  these 
ridges  are  traces  of  a  similar  furrowing  within  the  beak,  embrac- 
ing that  portion  between  the  teeth  which  has  the  fine  cross-stria- 
tion. The  outward  plications  of  the  valve  are  strongly  marked  on 
the  cast  for  about  2^  lines  from  the  margin,  and  some  of  them  run 
faintly  even  to  the  edge  of  the  muscular  scar. 

The  entering  valve  is  much  less  convex,  but  cannot  be  said  to  be 
flat,  though  it  has  a  faint  flattening  along  the  center,  which  wid- 
ens to  the  front  margin  where  it  is  changed,  in  the  large  specimen, 
to  a  slight  concavity  and  produces  a  straightening,  and  also  a  verj 
slight  flexure,  of  the  margin.  In  front  of  the  cardinal  angles  also, 
on  either  side,  is  a  flat  or  depressed  area;  cardinal  angle  parallel 
with  the  posterior  margins  of  the  valve,  and  a  little  more  than  one 
half  the  hight  of  that  of  the  receiving  valve;  beak  indistinct;  for- 
amen triangular  and  about  as  wide  as  high,  with  a  small  central, 
smooth  tooth  which  does  not  rise  above  the  plain  of  the  area,  and 
only  becomes  visible  on  being  cleaned  and  excavated.  A  cast  of 
the  interior  of  this  valve  shows  marked  internal  characters.  While 
the  impressions  of  the  individual  diviricator  and  fidductor  muscles 
on  the  same  side  are  not  separable  with  certainty,  owing  to  the 
faintness  of  the  lines  between  them,  the  pairs  of  each  are  divided, 
on  the  cast,  by  a  deep,  sharp  furrow  that  extends  from  the  beak 
where  it  divides  the  divaricately  striated  cardinal  process  into  two 
equal  lobes,  toward  the  front  between  the  depressions  of  the  hinge- 
teeth,  to  a  point  somewhat  more  than  \  the  diameter  from  the 
beak,  when  it  dies  away,  or  runs  into  a  broad,  abrupt,  medial  de- 
pression which  produces  the  flatness  in  the  valve  extending  to  the 
front  margin.     The  external  costae  are  deeply  impressed  on  the 
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cafit  about  the  margin,  some  of  the  lines  running  faintly  within 
the  vascular  area.  The  exterior  of  this  valve  is  also  marked  by 
concentric  fine  striations,  especially  between  the  costae. 

This  species  resembles  Meek's  description  of  0.  fissicosta^  H. 
more  than  any  other,  but  in  that  the  valves  are  nearly  equally 
convex,  the  receiving  valve  has  an  abruptly  pointed  beak  and  a 
narrow  foramen,  and  the  external  costoe  are  19  or  20;  the  interior  of 
the  dorsal  vaJve  has  no  ''defined  muscular  scars  so  far  as  known" 
(Meek),  the  muscular  scar  of  the  receiving  valve  has  an  oval-sub- 
trigonal  outline,  with  two  linear  ridges  that  do  not  continue  round 
the  front;  and  the  size  of  the  shell  is  much  less  than  this,  our 
smallest  specimen  being  two  lines  wider  than  the  largest  ever 
mentioned  of  that  species. 

Named  in  honor  of  R.  P.  Whitfield  of  New  York. 

Formation  and  Locality,  In  the  Galena  beds  of  the  Hudson 
river  formation,  at  Spring  Valley  in  Fillmore  county. 

Museum  Register  Numbers  277  and  429. 

Collector,  N.  H.  Winchell. 

ORTHiS  SWEENEY!  (N.  sp.) 
> 

Shell  suborbicular,  with. a  straightening  along  the  hinge-line, 
and  having  the  general  aspect  of  Orthis  pectinella^  but  with  a 
shorter  hinge-line. 

The  receiving  valve  is  convex,  with  flattened  lateral  marginal 
areas  and  cardinal  angles;  costae  coarse  and  simple,  numbering 
about  22,  all  of  which  continue  to  the  beak  except  two  or  three  on 
each  side,  which  in  passing  from  the  margins  in  front  of  the 
cardinal  angles,  rather  terminate  on  the  hinge-area.  The  costae 
and  the  furrows,  which  have  about  the  same  width,  are  crossed  by 
fine,  crowded,  concentric  striae;  beak  ^distinct,  but  not  much 
elevated  above  the  margin  of  the  area;  area  slightly  arched,  but 
directed  in  the  plane  of  the  edges  of  the  valves;  area  triangular, 
equilateral,  containing  a  simple  tooth  which  rises  to  the  apex  but 
is  not  developed  so  as  to  appear  in  the  plane  of  the  cardinal  area, 
but  is  horizontally  ribbed  on  either  side.     Interior  unknown. 

The  entering  valve  is  flat,  with  a  little  elevation  at  the  beak  and 
umbo,  and  a  broad  slight  concavity  between  the  umbonal  region 
and  the  front  margin;  costae  the  same  m  on  the  convex  valve; 
beak  small  and  more  abrubt  than  that  of  the  other  valve;  area  low 
and  flat,  but  of  nearly  the  same  hight  as  that  of  the  other  valve, 
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with   which   it   forms   an   angle   of  about  45   degrees;  foramen 
partially  closed,  but  open  below,  broadly  triangular. 

The  transverse  diameter  is  seven  lines  in  the  single  specimen 
belonging  to  the  survey,  and  the  perpendicular  is  six. 

This  species  in  general  .aspect  greatly  resembles  0.  pictifiella  of 
Conrad,  but  is  essentially  different,  in  that  the  foramen  and  area 
are  on  the  flat  valve  inste.ad  of  the  convex  one.  the  perpendicular 
diameter  compai'es  to  the  transverse  as  9  to  12  instead  of  6  to  7, 
the  cardinal  line  is  extended  so  as  to  equal,  or  nearly  equal,  the 
transverse  diameter,  and  no  mention  has  been  made  of  the  ex- 
istence in  that  of  a  cardinal  tooth  in  the  foramen  of  the  convex 
valve. 

Named  from  Dr.  R.  ().  Sweeney,  of  St.  Paul. 

Formation  and  Locality,  in  the  lower  part  of  the  Hudson  river 
Shades,  at  St.  Paul. 

Collector,  N.  H.  Winchell. 

Museum  Register  Number,  3,52(). 

(iEM's  STROPHOMENA  ( Rajinesque,  1H23.) 
(Manuel  de  MalaA^oIog-ie,  of  HIainvillc.) 

Under  Orthisidal  Mr.  McCov  has  included  ("1855,  Bret,  PaL 
Fo^s,)  1,  Porambonites^  2,  Orthis,  3  Orthisina,  4  Leptoena^  5 
Strophomena ,  6  Leptagonia^  and  7  Chonetes,  but  under  Ijeptoma  he 
places  Lept(e7ia,  ''restricted,'^  Strophotn^na,  Rof.  Leptagoma^ 
McCoy,  and  Chonetes,  Fisch,  as  subgeneriL,  with  the  following  dis- 
tinctions, viz.: 

1.  Leptwna  of  Dalmim,  restricted  to  the  type  of  his  last  species- 
(L,  transversalis),  in  which  the  valves  are  almost  equally  curved  in 
the  same  direction,  the  receiving;  or  foraminated  one.  convex,  the 
other  concave  outwardly. 

2.  Strophomena,  in  which  the  valves  are  flat  or  very  slightly 
convex  when  young,  the  margin  in  a  few  species  becoming,  by  age, 
deflected,  usually  toward  the  receiving  valve,  as  in  S.  rugosa  (Rof.) 
• — resupinate  species. 

3.  Leptagonia  (McCoy),  with  both  vjilves  abruptly  bent  at  right 
angles  toward  the  entering  valve,  and  the  rosteal  portion  concen- 
trically wrinkled. 

4.  Cho7ieteH  (Fishei;),  only  different  from  Lepta?na  (as  restricted) 
by  having  a  row  of  spines  on  the  hinge-line,  thus  approaching- 
Productus. 

By  this  classification  most  of  his  species  fall  under  Leptama. 
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Mr.  Billings,  in  1S60,*  makes  two  groups  of  the  Genus  Stopho^ 

mena^  taking  S.  altenuita^  of  Conrad,  as  the  type  of  one,  and  S. 
JiUtexta,  of  Hall,  as  the  type  of  the  other.  Of  these  the  former 
has  the  entering  (dorsal)  valve  concave,  or  sometimes  nearly  flat, 
and  includes  the  species  alteniata  (Con.),  deltoidea  (Con.),  cmnerata 
(Con.),  Unuistriata  (Sow.),  itwrassafa  (Hall),  nitens  (Bill.),  Ceres 
(Bill.),  Leda  (Bill.),  Phlhtneh  (Bill.),  imbrex  (Pan.),  and  rhomboi- 
dalis  (Wilck),  and  perhaps  others.  The  latter  group  contains  the 
resupinate  forms  which  have  a  concave  receiving  valve,  viz:  fili- 
textile  (Hall),  fiuctuosa  (Bill.),  recta  (Con.),  planoconvexa  (Hall), 
antiqiiata  (Sow.),  planumhona  (Hall),  and  subtenta  (Con.) 

At  the  same  time  Mr.  Billings  retains  under  Lepfima,  the  spe- 
cies decipiens  (Bill.),  and  sordidd  (Bill.),  as  well  as  sericea  (Sow.), 
without  specifying  what  difference  he  relies  on  to  distinguish 
Leptfpua  from  Stophometui. 

Mr.  Meek  has  maintained  the  genus  l^pia  na  by  describing  and 
figuring  L.  sericea  {^oy!.)m  the  First  Volume  of  the  Palaeontology 
of  Ohio,  and  divides  the  genus  Strophmnena  into  two  parts,  one  of 
which  represented  by  N.  rhomboidalis^  Wilckens,  is  taken  as  the 
type  of  the  genus,  and  is  the  equivalent  of  the  alfernafa  group  of 
Billings,  and  includes  both  the  restricted  Lepti^na  and  the  Ijepta- 
(jonia  groups  of  McCoy.  The  resupinate  species  he  distinguishes 
by  placing  them  together  under  the  sub-genus  Hemipronites, 

The  conflict  which  exists  l)etween  these  two  generic  names 
(Sfrophomena  and  Leptirna)  seems  to  have  arisen  from  two  causes. 
1st,  their  nearly  synchronous  tidoption  and  use  in  different  coun- 
tries, and  2nd,  the  very  general  and  incomplete  definitions  by 
which  they  were  made  known.  Dalman's  genus,  Lepia^ia^  was 
erected  in  1827  (Kongl.  Vet.  Acad.  Handl.)  and  embraced  not  only 
the  type  form  rhomboidalis  (under  other  specific  names),  and  spe- 
cies of  Froductus,  but  also  other  types  of  Strophomena  and  Leptce- 
na,  as  those  genera  are  now  usually  understood  (Meek),  while  Rafin- 
esque's  genus,  Strophomena,  though  used  by  him  and  Defrance,  in 
brief  and  unsatisfactory  allusions,  for  several  years  before,  was  fairly 
published  as  early  as  1825,  when  Blainville  figured  and  published 
a  brief  description  (Man.  de  MalacoL)  But  in  this  description  Mr, 
Meek  says  that  doubtless  an  American  resupinate  specimen,  later 
WBxaei.  planumbona  by  Hall,  was  described  under  one  of  Rafines- 
que's  names  (rttyosa,  adopted  from  Dalman,  applied  by  him  to  a 
non-resumpinate  form).     Hence  it  is  evident,  not  only  that  each 

*("niiadiiVi  y<ihn'filiKt  and  GeolnuM,  Vol,  5,  1800  ;  and  Pal.  Foss..  Vol.  1,  p.  115. 

9 


120  AN^NUAL   REPORT. 

author  included  all  the  forms  under  his  own  designation,  but  that 
they  had  not  noted  the  distinctions  that  were  subsequently  brought 
out.  The  names  must  therefore  be  regarded  as  perfectly  synony- 
mous, and  the  earlier  published,  under  the  recognized  law  of  pri- 
ority, should  take  precedence. 

The  remarkable  diffierences  that  divide  these  brachiopods  into  re- 
supinate  and  non-resupinate  groups,  seem  to  call  for  a  generic 
designation  for  the  resupinate  species.  Provisionally  therefore 
we  shall  follow  the  suggestion  of  Mr.  Meek  and  range  these  spe- 
cies under  Pander's  genus  Hemipronites^  proposed  in  1838  but  not 
defined.  For  the  present  the  Permian  and  Carboniferous  name  of 
StreptarhytK^hus^  proposed  by  Prof.  King  in  1850*,  though  perhaps 
covering  some  of  our  species  according  to  the  discrimination  of 
Prof.  James  Hall  in  the  4th  volume  of  the  Palaeontology  of  New 
York,  (p.  64)  may  be  restricted  perhaps  to  the  rocks  of  that  later 
geological  horizon,  when  its  characters  are  fully  exemplified. 

Gen,  Char.  Shell  semi-circular,  or  semi-oval,  with  a  hinge-line 
about  equal  to  the  transverse  diameter,  a  convex  receiving  valve 
when  adult,  and  a  flat  or  concave  enteriug  valve,  narrow  cardinal 
area,  inconspicuous  or  small  and  abrupt  beaks,  and  radiately  and  con- 
centrically striated  exterior;  receiving  valve  with  a  minute  perfor- 
ation in  the  beak,  its  foramen  nearly  or  quite  closed  by  the  divided 
cardinal  process  of  the  other  valve  which  is  more  or  less  covered  by 
adeltidium  rising  from  one  or  both  valvesf;  visceral  disc  of  the  re- 
ceiving valve  frequently  rugose  concentrically. 

^  STROPHOMENA  MINNESOTENSIS  (N.  sp.) 

Sy^ionymy  and  Reference. — Leptaeua  deltoidea,  Oiven^  Geol.  Rep. 
Wise.  Iowa  and  Minn.  p.  629,  Tab.  II,  b.  fig.  10.  Winchell,  QteoL 
&  Nat.  Hist.  Survey,  Minn.  Rep.  for  1872,  p.  101.  Ibid  for  1876 
p.  148  and  212,  Ibid  for  1879  p.  62. 

Shell  semi-oblong  or  semi-oval,  with  the  cardinal  angle  about  90 
degrees,  or  less  thfin  90  degi'ees;  diameter  from  six  to  nine  lines 
transversely,  and  from  four  and  a  half  to  eight  lines  perpendicular- 
ly; the  receiving  valve  convex,  sometimes  more  suddenly  deflected 
after  passing  the  visceral  area;  entering  valve  gently  concave,  but 
flexed  more  rapidly  about  the  margin ;  the  exterior  of  the  convex 
valve  marked  by  fine  radiating  stria?,  every  third,  fourth  or  fifth 
one  being  larger  than  the  intervening  ones;  interior  of  the  convex 

^Monograph  of  Permian  Fossils,  i860,  p.  107. 

tProf.  James  Hall  says  (16th  Reg.  Rep,  p.  63)  that  &\  mgom  (r/iombofdaH«)aiid  5.  alUr^ 
nata  have  a  deltidium  on  the  dorsal  (concave)  valve.    S.  aspera.  Jams,  has  also. 
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valve,  which  is  best  known  from  its  frequent  casts,  shows  a  large 
muscular  impression  much  resembling  that  of  S.  alternata  as  fig- 
ured by  Meek  in  Vol.  I.  Pal.  Ohio,  plate  VII.  fig.  3c.  but  somewhat 
bilobate  in  front,  and  larger  in  proportion  to  the  size  of  the  valve; 
scars  of  the  abductor  muscles  closely  approximate,  small  and  in 
many  casts  of  this  valve  undistinguishable;  behind  they  are  sep- 
arated (on  the  casts)  by  a  short  merial  ridge,  which  between  them 
becomes  at  first  a  narrow  mesial  furrow  and  then  a  deep  furrow, 
terminating  at  the  sinus  between  the  outer,  larger,  scars;  the  outer 
larger  scars  (cardinal  muscles)  are  radiately  striated  from  the  beak; 
their  margins  are  strongly  marked  (on  the  cast)  along  their  pos- 
terior sides  by  distinct  grooves  formed  by  the  dental  plates,  which 
diverge  at  once  from  the  foramen  at  an  angle  of  100-120  degrees, 
running  nearly  straight  to  the  outer  margins  of  the  muscular  scar, 
when  they  curve  slightly  toward  the  front;  the  anterior  and  lateral 
margins  of  the  general  muscular  impression  are  slightly  marked 
on  the  casts;  outside  of  the  muscular  scar  is  a  shallow  marginal 
impressed  line  which  is  most  evident  at  the  cardinal  angles  as  it 
converges  toward  the  beak;  interior  edge  of  the  cardinal  line  is 
carinate,  from  the  teeth  to  the  cardinal  angles;  the  details  of  the 
markings  in  the  apex  of  the  beak  are  seen  on  the  valve  itself  to 
consist  of  two  short,  distinct,  diverging  ridges  extending  not  much 
beyond  the  hinge-teeth,  between  the  anterior  ends  of  which  rises  a 
short  mesial  ridge  of  about  the  same  size  and  length,  with  faint 
linuar  ridges  parallel  with  it  on  each  side,  which  extend  a  little 
further  forward  than  the  mesial  ridge.  The  mesial  ridge  first 
gives  place  to  a  flat  unmarked  interval,  when  it  again  rises  more 
conspicuously,  but  narrower  and  sharper,  extending  nearly  to  the 
sinus  separating  the  lobes  of  the  outer  muscular  scar.  The  car- 
dinal area  of  the  convex  valve  slopes  from  the  hinge-line  obliquely 
backward,  instead  of  being  in  plane  with  the  lateral  edges,  thus 
differing  from  S,  alternata.  From  three  to  five  short  undulations 
of  the  shell  transverse  to  the  cardinal  line,  are  seen  often  between 
the  umbo  and  the  cardinal  angles  the  heavier  ones  being  near  the 
cardinal  angles.  The  cardinal  process  is  bifid  and  prominent,  but 
not  spreading  or  fan-shaped,  the  two  parts  being  short,  smooth, 
dantate  protuberances  that  stand  prominently  exposed  about  paral- 
lel with  the  plane  of  the  cardinal  area. 

The  interior  of  the  entering  valve  is  very  difierent  from  that  of 
the  entering  valve  of  S,  alternata.  The  general  visceral  disc  is 
nearly  flat,  surrounded  by  a  suddenly  flexed  margin,  inside  of  which 
is  a  shallow  impressed  broad  line,  most  evident  round  the  front: 


122  AKKUAL  REPORT. 

inside  the  cardinal  angle  are  a  few  scattered,  radiately-intemipted, 
short  ridges  or  elevations,  but  these  do  not  prevail  along  the  side 
nor  in  front,  the  surface  there  being  smooth  or  finely  granulated 
instead;  in  the  center  of  the  valve  are  five  smooth,  abrupt,  digitate- 
Ij  spreading  ridges,  the  middle  one  of  which  is  a  little  larger  and 
longer  than  the  others;  these  rise  more  abruptly  at  their  anterior 
extremities  than  behind,  but  none  of  them  reach  the  beak,  or  even 
the  umbonal  region,  though  the  exterior  pair  of  lateral  ,ones  are 
placed  further  back  than  the  others,  converging  at  an  angle  of 
about  70®.  Socket  ridges  very  short  and  widely  divergent;  behind 
them  are  small,  doubly  groved  sockets. 

Foi'tnatiofi  and  Locality:  This  species  occurs  in  the  sub-crys- 
talline dolomytic  layers  of  the  upper  part  of  the  Trenton,  at  Min- 
neapolis. It  exists  most  numerously  as  casts,  of  which  hundreds 
are  obtainable.  Sometimes  they  nearly  cover  slabs  when  split 
open  in  quarrying,  associated  with  Hemipronites  Jilitextus  (Hall), 
Orthis  tricenaria^  and  species  of  Murchesonia  and  EdnKyndm. 
They  do  not  vary  much  in  size.  They  have  been  referred  to  in 
describing  the  rock  at  the  falls  of  St.  Anthony,  by  Dr.  D.  D.  Owen, 
as  S.  d^ltoidea^  and,  following  his  identification,  by  the  writer  in 
reports  of  progress  of  the  survey.  Without  seeing  the  interior  of 
the  flat  valve,  it  is  nearly  ,  impossible  to  distinguish  this  species 
from  /S.  alternata  of  Conrad,  except  that  it  is  much  smaller  than 
that  species  generally  is. 

Collectors,     N.  H.  and  H.  V.  Winchell  and  C.  L.  Herrick. 

Museum  Register  Numbers,  3521  (=180),  681,  =3522  (199), 
2192  and  3523. 


STATE  GEOLOGIST.  133 


IV. 


THE    MUSEUM 


REPORT  FOR  1880. 


The  south  room  of  the  Museum  has  been  rendered  more  attrac- 
tive and  useful  by  the  erection  of  a  large,  single,  central  case  in  the 
middle  of  the  room,  designed  to  contain  distinctively  the  rocks,  fos- 
sils, minerals  and  soils  of  Minnesota.  Into  this  have  been  placed 
such  iportions  of  the  survey  collections  as  are  ready  to  be  put  on 
exhibition,  or  that  could  be  spared  from  the  laboratories.  In  the 
lower  portions  of  the  other  cases  in  the  same  room  have  been  placed 
additional  shelving,  which  nearly  doubles  the  former  capacity  of 
those  cases.  Here  have  been  arranged  rock-samples  from  various 
parts  of  the  United  States,  and  from  Europe,  as  well  as  large  spec- 
imens of  ores  and  minerals  that  could  not  be  contained  in  the  tops 
of  the  same  cases.  One  of  these  has  been  set  aside  for  archasolog- 
ical  specimens. 

The  zoological  collections  in  the  north  room  have  been  increased 
by  the  contribution  of  two  series  of  specimens  by  the  Smithsonian 
Institution,  constituting  Set  37  of  Invertebrate^  containing  155 
species,  and  Set  46  of  Fishes,  containing  73  species,  on  behalf  of 
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the  United  States  National  Museum,  from  collections  of  the  Uni- 
ted States  Fish  Commission,  through  the  courtesy  of  Prof.  S.  F. 
Baird. 

Specimens  presented  to  the  Museuin  will  be  found  enumerated 
and  acknowledged  in  the  following  catalogue: 
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CATALOGUE  OF  ARCHAEOLOGICAL  SPECIMENS  IN  THE 

GENERAL  MUSEUM. 


1.  Flint  arrow  point  from  near  Bismarck.    Presented  by  Col.  C.  A .  Lounsbury. 

2.  Chert  implement,  unfinished;  from  near  Bismarck.    Presented  by  C.  A. 

Lounsbury. 

8.  Quartz  chippings  (fine),  Little  Falls,  Minn.     Collected  by  N.  H.  WincheU. 

4.  Quartz  chippings  (coarser),  Little  Falls,  Minn.    Collected  by  N.  H.  Win- 

cheU. 

5.  Quartz  chippings  (coarse),  Little  Falls,  Minn.    Collected  by  N.  H.  Winchell. 

6.  Chert  implement,  "finished.''    Mouth  of  the  Little  Elk  River,  near  Little 

Falls.    Collected  by  N.  H.  Winchell. 

7.  Quartz  implements.  Little  Falls,  Minn.    Collected  by  N.  H.  Winchell. 

S,    Copper  spear-point.    Medicine  Lake,   near  Minneapob's.    Presented  by 
Henry  W.  Howling. 

9.  Stone  hammers,  from  the  ancient  mines  of  Isle  Royale.    Collected  by  N- 

H.  WmcheU. 

10.  Charred  wood,  from  the  ancient  mines  of  Isle  Royale.    Collected  by  N.  H. 

Wmchell. 

11.  Pounded  copper  flakes  from  the  ancient  mines  of  Isle  Royale.    Collected 

by  N.  H.  Winchell. 

12.  Three  human  skulls  from  the  mounds  at  Big  Stone  Lake.    Collected  by 

N.  H.  Winchell. 

13.  Blue-glass  bead,  from  the  mounds  at  Big  Stone  Lake.    Collected  by  N.  H. 

Winchell. 

14.  Perforated  bone  disk  (bead?),  taken  from  the  mounds  at  Big  Stone  Lake 

by  N.  H.  Winchell. 

15.  Red  Catlinite  pipe,  from  the  upper  Minnesota  River,  formerly  ownedby 

Mireall  and  Roberts.    Presented  by  N.  H.  Winchell. 

16.  Indian  pipe,  of  the  "pipestone''  at  Fort  Francis.    Collected  by  N.  H.  Win- 

chell. 

17.  Burnt  clay'pipe,  from  the  moimds  opened  near  Lanesboro.    Presented  by 

B.  A.  Man,  Esq. 

18.  Photograph  of  clay  image  of  the  human  face,  found  in  the  Lanesboro 

mounds.    Presented  by  G.  K.  Day,  Esq. 

19.  Flint  chips  and  shells,  from  the  Atlantic  coast  near  Salem,  Mass.    Collect- 

ed by  C.  W.  Hall. 

20.  Stone  hammer,  withed,  ftt)m  near  the  Lower  Agency  on  the  Minnesota 

Riv»'r.    CoUecteil  by  N.  H.  Winchell. 

2L    Collection  of  arm  and  leg  bones,  including  one  perforated  hutnertia^  from 
the  mounds  at  Big  Stone  Lake.    Collected  by  N.  H.  Winchell.* 
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22.  Lot  of  human  teeth  taken  from  the  mounds  at  Big  Stone  Lake.    Collected 

by  N.  H.  Winchell. 

23.  Miscellaneous  bones  and  fragments  of  bones,  mostly  human,  from  the 

mounds  at  Big  Stone  Lake.    Collected  by  N.  H.  Winchall. 

24.  Potteiy  fragments,  from  near  Bismarck.     Presenteii  by  Col.  C.  A.  Louns- 

bury. 

25.  Arrow  heads,  from  Spring  Valley,  presented  by  John  Kluckler. 

26.  Chippewa  bark  canoe  and  two  ptvddles  made  at  Grand  Portage,  Lake 

Superior;  used  by  the  Geological  survey.     Collected  by  N .  H.  Winchell. 

27.  Human  femur  from  a  mound,  Soc.  6,  Rutland,  Martin  co.mty.    Collected 

by  Warren  Upham. 

28.  Portion  of  a  skull  and  jaw  ixtm  a  mound,  Se<.\  6,  Rutland,  Martin  county. 

Collected  by  Warren  Uphaiu. 

29.  Left  ramus  of  jaw,  from  a  mound.  Sec.  6.,  Rutland,  Martin  connt^'.    Col- 

lected by  Warren  Upham. 

30.  Pottery,  probably  by  recent  Indians.  E.  side  of  Talcott  Lako,  1 — 2  ft.below 

the  surface.     Land  of  Wni.  Crapey,  ne  }4  sei*.  30,  Southbrook,  Cotton- 
wood county.    Collected  by  Warren  Upham. 

3L    Human  skull,  from  a  mound.  Green  Lake,  Kandiyohi  county.    Collected 
by  CM.  Terrj*. 

32.  Fragments  of  two  human  skulls,  Green  Lake,  Kandiyohi  county.    Found 

in  a  mound.    Collected  by  C.  M.  Terrj*. 

33.  Fragments  of  leg  bones.  Green  Lake,  Kandiyohi  coanty.    Collected  by 

C.  M.  Terry. 

34.  Water-worn  pcbbl*.*  (supposed  to  be  wrought  by  man).  Green  Lake,  Kandi- 

yohi county.     Collectfrd  by  C.  M.  Tfrry. 

35.  Teeth  and  bones  of  (buffalo?).  Green  Lake.     Collected  by  C.  M.  Terry. 

36.  AiTOw-head  of  flint,  Rochester,  Minn.     Presented  by  W.  D.  Hurlbut. 

37.  Quartz  arrow-head  chippings,  (unassorted),  Pike  Rapids.    Collected  by  N. 

H.  Winchell. 

38.  Quartz  fragments  and  chippings  (also  two  pieces  of  gneiss),  dug  from  the 

alluvium  at  Little  Fall?*.    Collected  by  X.  H.  Winchell. 

39.  Flint  arrow-head,  Medicine  Lake,  Hi^nu'^pin  county? 

40.  Potteo*.  bones,  piece  of  skull,  etc.    Tn  black  soil  lJ^-2^2  f<?ct  below  the 

surface,  Gre<m  Lake,  Kandiyohi  county.  Collecte<l  by  VV^arren  Upham. 

41.  Bones,  pottery,  chipped  flints.  Green  Lake.    Warren  Upham. 

42.  Hatchet  (recent)  made  of  Catlinite. 

43.  Gunflints,  (2  spns.)  Found  at  Gunflint  Lake  in  1878,  by  N.  H.  Winchell. 

44.  Gunflints,  Oxford  Mills,  Canon  Falls,  (ioodhue  county.     Collected  by  N.  H. 

Winchell. 

45.  Bones,  pottery,  etc..  Green  I*ake.     Warren  Upham. 

46.  Human  ulna,  from  mounds  near  St.  Peter.    I)eposite<l  in  the  mus(rum  by 

J.  Blackiston. 

47.  Foot  bone  (great  toe),  from  mounds  ne-.ir  St.  Peter.     I)e.po^it«.'d  in  the  nm- 

seum  bv  J.  Blackiston. 
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48.  Finger  bone  (had  a  ring  on)  from  mounds  near  St.  Peter.    Deposited  in 

the  museum  by  J.  Blackiston. 

49.  Fragment  of  radius,  from  mounds  near  St.  Peter.    Deposited  in  the  mu. 

seum  by  J.  Blackiston. 

60.    Silver  wristlet,  stamped  * 'Montreal"  and  "EC,"  from  mounds  near  St. 
Peter.    Deposited  in  the  musem  by  J.  Blackiston. 

51.  Two  copper  ear  pendants  (tubular,  one  has  hair  in  it),  from  mounds  near 

St.  Peter.    Deposited  in  the  museum  by  J.  Blackiston. 

52.  String  of  thirty,  small,  white  china  beads,  from  mounds  near  St.  Peter. 

Deposited  in  the  museum  by  J.  Blackiston. 

53.  One  large,  brown,  glass  bead,  from  mounds  near  St.  Peter.    Deposited 

in  the  museum  by  J.  Blackiston. 

54.  Four  common  pins,  from  mounds  near  St.  Peter.    Deposited  in  the  mu 

seum  by  J.  blackiston. 

55.  One  sewing  needle,  from  mounds  near  St.  Peter.    Deposited  in  the  mu- 

seum by  J.  Blackiston. 

56.  Pearl  ornament,  somewhat  heart-shaped,  from  mounds  near  St.  Petor. 

Deposited  in  the  museum  by  J.  Blackiston. 

57.  Quartz,  arrow  point  (opaque  white),  from  mounds  near  St.  Peter.    De- 

posited in  the  museum  by  J.  Blackiston. 
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LIST    OF    BOOKS    IN  THE    LIBRARY    OF  THE    GEOLOGICAL    AND 

NATURAL  HISTORY  SURVEY. 


Journal  of  the  Academy  of  Natural  Science  of  Philadelphia.  1817  to  IdiO. 
Eight  volumt's. 

Proceedings  of  the  Academy  of  Natural  Sciences  of  Philadelphia.  1841  to  1878. 
Thirty  volume.s. 

Journal  of  the  Acaduny  of  Natural  Scieiicts  of  Philadelphia.  New  series,  4to. 
1847  to  1881.     Eight  volumes. 

British  Palajozoic  Rocks,  and  Fossils.    Sedgwick  &  McCoy.    4to.     1855. 

Memoirs  of  the  (geological  Survey  of  Great  Britain,  and  of  the  Museum  of 
Practical  Geolog}-.     1846  to  1872.     Four  volumes. 

Transactions  of  the  Geological  Society  of  Glasgow.  Pala-ontological  series. 
Parti. 

The  Silurian  Brachiopoila  of  the  Pentland  Hills.    Thomas  Davidson. 

Owen's  Odontograi  hy.    Text  and  Atlas.    Two  volumes.     1840-1845. 

The  Geological  Survey  of  New  York.  Aimual  Reports  for  the  years  18^37, 
1838  and  1840.    Two  volumes. 

Transactions  of  the  Geological  Society  of  Glasgow.    Vol.  1,  Part  II.    On  the 

phenomena  of  the  glacial  drift  of  Scotland.  By  Archi1)ald  Geikie. 
Transactions  of  tho  Academy  of  Science,  St.  Louis,  Vol.  IV,  No.  1,  lb80. 
Owen*8  Geological  Survey  of  Wisconsin,  Iowa  and  Minnesota.    One  volume  4to. 

The  Canadian  Naturalist  and  Geologist.  Vols.  I  to  VI II.  1853  to  1863.  Mon- 
treal. 

The  Canadian  Naturalist  and  Journal  of  Science.  Vols.  I  to  VIII.  1864  to 
1875.  Montreal.  [Vol.  4  has  only  Nos.  1,  2  and  4.  Vol.  6  has  oidy 
NoB.  1,  2  and  3. 

Traite  de  Palseontologie.  Pictet.  2d  Edition.  Paris  1853.  Four  volumes,  8vo 
and  4to  Atlas. 

Pablications  of  the  Palaeontographical  Society.  London.  Thirty  volumes,  4to. 
From  1848  to  1876.    (31  vols,  as  issued.) 

MnrchiBon'B  Silurian  System,  4to;  and  case  with  large  map. 

da  and  the  Ural  Mountains,  4to.    Vol.  1,  Geolog>-.    Vol.  II,  Palteontologie 
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VI. 

THE  WATER  SUPPLY  OF  THE  RED  RIVER  VALLEY. 


Since  the  examination  of  this  important  subject  in  1877,  and 
the  discussion  in  the  report  of  that  year,  very  general  attention 
has  been  given  to  the  ways  and  means  of  obviating  the  difficulties. 
In  a  great  many  instances  the  same  methods  of  curbing  wells  with, 
pine  planks,  attended  by  the  same  serious  consequences,  have  been 
followed,  but  the  more  enlightened  well-diggers,  and  the  proprie- 
tors of  large  farms  have  generally  abandoned  that  manner  of  curb- 
ing wells,  and  have  resorted  to  tiling  or  brick,  or  to  iron  tubing; 
and  in  numerous  cases  deep  wells  have  penetrated  the  drift  to  that 
depth  wherela  supply  of  non-alkaline  water  has  been  reached,  hav- 
ing an  artesian  overflow, 

At  South  Crookston,  Mr.  E.  S.  Corser  bored  to  the  depth  of  190 
feet,  penetrating  through  the  blue  clay  into  coarse  sand,  or  fine 
gravel,  affording  sweet,  cool  water,  quite  soft,  which  rises  ten  feet 
above  the  surface,  through  a  three  inch  pipe  at  the  rate  of  three 
pailfuls  per  minute. 

At  Lockhart,  Polk  county,  Mr.  0.  E.  Spear  has  sunk  four  wells 
which  supply  artesian  water.  That  on  the  Lockhart  farm  is  140 
feet  deep;  it  has  a  great  pressure  upward,  the  water  rising,  when 
unconfined,  in  a  four-inch  tube  to  the  height  of  five  feet  above  the 
surface  of  the  ground. 

The  artesian  "salt  well"  at  St.  Vincent  was  sunk  by  the  St. 
Paul  and  Pacific  railroad  company,  the  work  being  done 
by  Mr.  0.  E.  Spear,  of  Minneapolis.  Respecting  the  strata 
passed  through,  and  the  position  of  the  well,  the  following  com- 
munication from  Capt.  Edward  Collins,  of  Fort  Pembina,  gives  full 
particulars.  A  sample  of  the  water  of  this  well  is  being  analyzed 
by  the  survey,  and  will  be  reported  in  a  general  report  on  the 
Hydrohrpj  of  the  State. 
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r«>ur  Pkmbina.  1).  T..  J:munry  20,  l^Sl. 

*V.  H.  \V'uich*'lL  State  timtoyixt.  MiinittipoHs,  Minn. 

Sir:  In  response  to  your  coiainuiiirat ion  ot'theHthinst.,  1  hav^^lnlumortoon- 
cIcMe herewith  a  tracts  of  a  «lniwipg,  showiiij^  tlii-  Ms-tion  pa.>*-»^«l  tln-ouirhin  hoiing 
the  artesian  well  at  St.  Vincent,  Minn. 

The  well  ha-*  been  **topiK*d  to  pn-v^-nt  th«*  Huw  of  s;ilt  \\iU«'r,  :in«l  a  -ixrinun 
cannot  be  sent  as  d»*sireil.  Sonir  iiU?a  of  its  »liur.ut»'r  may  !«.»  nifen-al  from 
the  fact  that  a  dinh  hol(lin{^  oni*  inch  in  dt'pth.  nifasurinp:  tivf  inches  acmss  the 
top  and  thi*ee  inches  acros-  tin*  lK)tt<^ni  left  wynm  I'vaporatinn  ahowr  ^n  of  anim'li 
ji\  thickness  of  a  deposit.  iM*rlwily  ilear  and  rH]»ort«'d  l»y  tiie  assistant  >ur^onat 
the  Post  (Dr.  H.  O.  P»^rU\v.  V..  S.  A.i  a*  •■lii«'tiy  niad«*  n|>  of  loninion  salt  with  a 
mixture  of  Ume  and  inaifnesia.  The  altitudi*  \o  wiiich  it  \v<uil<l  rist*  was  not  as- 
certained. It  tiowe  1  ovr  tiie  j>ip»*  at  ai^out  rh**  rat*-  of  a  •onimon  wat«'r  hurket 
in  flomething  le8^'  than  a  minute  a>  in'arly  a^  can  Im*  n*rnll«*rtj'il.  The  water  was 
clear:  tempiTatnn*  ju«lired  not  far  from  ")0-  an«l  »*t1»M-v«*<«  ^d  sli^iitly  ii])on  rnniini?  to 
the  air. 

The  sttutum  ot  lim-^ston  •  con'Tt'tf  was  family  •liill<*.i  and  tli*-  pip»*  was  forced 
after  it  with  {^reat  ditficiilty.  injuriiiif  it  at  the  lM)rtoni  in  -o  doinj^f.  A  smalliT 
pipe  should  hdve  lH»en  ins-Tted  and  I'arrit'd  tlirouj;li  tliis  <leposit.  Thn  stratum 
of  gravel  undern^*atli  was  very  loose  .ai'l  dry.  tli  •  pehbles  identical  with 
thosH?  found  in  connt.»ction  with  th^'  r'rt'tact'ou^  deposits  <m  the  Missouri  iivt'r. 

The  Ktfnd  in  wliirh  th«*  water  was  fountl  app»Mr»'d  th"  s;jni»'  a>  that  on  i^cli 
side  of  the  valley  when*  it  nie.'ts  tli»*  taliln  land. 

Th-f  nean\st  salt  waN»!'  ih  In  a  >niall  tribiitarv  of  ihe  Knl  Kiv«r  from  the  w**.st 
a  few  milw  s:mtli  of  this  ]>oint.  Tlii<  stream  coniinjf  into  tin*  vall«*y  fairly  fi-esh, 
though  somewhat  alkalin*'.  ♦  in«frjf«'s  from  a  small  laa:o<^)n.  v»'ry  -alt.  having  had 
ap^Nurently.  at  this  point,  ^onie  •■ommuniration  with  tin*  salt  «leix»^it.  which  ap- 
pears to  nndtM'lit*  tin'  valh*y. 

No  trace  of  any  organic  bvly  lonhl  b»'  <  mmi  in  any  of  th»'  strata  p»'netrated. 
They  are  cousideretl  as  of  the  rrctac»'Ous  jn-rind. 

Water  is  found  by  tht*  si'ttlers  g»'n<Mally  by  ilig«i-in;r  a  few  ffpt  in  the  marly 
HUbsoil.  It  is  nothing  but  swrtace  wat^'i.  though  it  i-an  \n\  and  is  us^ed  for  all 
domegtic  pnrpf>8es.  The 'Mst  watci  in  tin-  valley  is  from  the  Red  Kiv«'r  itself, 
and  this*  is  rt»ally  goixl  w.iter.  nor  i-^  then*  liki'lihoiHl  of  finrling  any  other  soua'e 
of  supply  exci»pt  by  boring  very  <leop  art<»sijni  wells  or  «torinii  rain  water  in  cis- 
terns. 

It  i»«  hoped  the  exi^erinn-nt  of  -inkinjj:  a  wi-ll  tar  fnongh  to  strike  a  supply  of 

pure  water  will  be  nndedaken. 
Please  ncknowh'dge  ivc<*ipt. 

Very  nsiMn-tfully, 

Vonr  oljedient  servant. 

KDWIN  COLLINS, 

Captain  17th  Inlanti-y. 

(•ommanding  Post. 

12 
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Section  showing  deposits  in  the  Red  River  Valley,  near  Fort 
Pembina,  D.  T.  as  found  in  boring  for  water  at  St.  Vincent  by  St. 
P.  &  Pacific  R.  R.  Co.,  Jan.  and  Feb.,  1879. 

Scale — one  inch  to  30  feet. 


Road  Bed  of  St.  P.  &  P.  R.  R. 


Filling. 5 


Alluvium. 


.1 


Pale,  drab-colored,  clayey  marl,  very  compact  and  uniform 
throughout  its  whole  thickness  until  near  surface  of  under- 
lying rock  when  a  few  lime  pebbles  were  noticed.    No 
i         water  in  any  part. 


112 


Limestone  concrete,  containing  water-worn  pebbles- 
toft,  easily  drilled. 


IB 


Made  up  of  hard  and  soft  pebbles  and  sand,  some  flint  interspersed. 
Olay,  compact,  blue.  *® 


Sand,  ver>'  loose  ;  mixed  with  pebbles :  containing  water 
flowing  to  top  of  pipe.  ver>'  salt  and  unfit  for  use. 
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This  water  seems  not,  accordin^^  to  Dr.  H.  0.  Parley,  U.  S.  A.  at 
Fort  Pembina,  to  be  a  pure  brine  of  chloride  of  sodium,  but  con- 
tains, along  with  sodium,  a  considerable  quantity  of  magnesium 
and  calcium.  In  other  words  it  is  one  of  the  alkaline  waters  of  the 
TaUey. 

At  Audubon  station  two  wells  have  a  depth  of  sixty  feet.  One 
is  the  town  well  and  the  other  is  that  of  Wm.  H.  Irish.  In  these 
the  water  rose  nearly  to  the  top,  but  does  not  overflow. 

On  sec.  28,  Hamden  Becker  county,  the  well  of  John  Croll,  75  ft. 

deep,  supplies  water  that  rises  14  ft.  above  the  surface.     Another 
three  miles  further  north,  owned  by  E.  N.  Jelhmi.  has  a  depth  of 

100-110  feet,  and  is  also  a  flowing  well 
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At  Glyndou,  on  the  farm  of  6.  S.  Barnes,  is  a  well  112  feet  deep, 
in  which  the  water  rose  102  feet. 

In  Wilkin  county,  Campbell  village,  the  well  at  the  Pacific 
House  is  47  feet  deep  and  the  water  stands  at  6  ft.  below  the  top; 
and  another  on  sec.  10,  T.  130,  R.  46,  owned  by  Robert  Glover  has 
a  depth  of  53  feet,  and  the  water  rose  to  within  four  feet  of  the 
top. 

The  railroad  well  at  Tintah,  in  Traverse  county,  is  55  feet  deep 
and  is  a  flowing  well,  and  another  4  miles  S.  E.  of  this  was  form- 
erly flowing.  The  water  of  the  Tintah  well  was  chemically  exam- 
ined and  reported  in  1877. 

It  seems  probable  that  this  method  of  obtaining  water  will  be- 
come common  in  the  valley  of  the  Red  river  of  the  North.  The 
conformation  of  the  drift  deposits  is  such  as  to  warrant  the  ex- 
pectation that  over  a  large  area,  on  both  sides  of  the  river,  artesian 
water  can  be  obtained.  It  is  similar  to  that  in  northwestern  Ohio. 
The  continuity  of  the  till  from  the  Leaf  Hills  across  the  valley 
westward,  is  like  that  of  the  drift  sheet  in  the  Maumee  valley. 
The  ai'tesian  wells  at  Toledo,  and  in  Defiance  county,  are  exactly 
duplicated  by  those  at  Glyndon  and  Oookston.  The  rolling  and 
more  gravelly  drift  of  the  Leaf  Hills  furnishes  the  supply  and  res- 
ervoir for  these  wells.  When  the  water  has  once  entered  below 
the  clay  sheet  it  finds  no  exit  through  it  upward,  and  remains  un- 
der hydrostatic  pressure,  which  forces  it  upward  with  great  vio- 
lence when  it  is  released  by  sinking  these  wells.  While  several  of 
these  wells  have  given  a  non-alkaline  water,  that  cannot  be  ex- 
pected of  all  such  wells  in  the  valley. 

SiAple  Tests  of  Iftie  Qualities  of  Water. 

The  detection  and  determination  of  the  mineral  and  especeially 
organic  of  the  impurities  of  water,  when  carried  to  ultimate  results^ 
is  one  of  the  diflicult  opperations  of  chemical  manipulation;  but 
a  few  directions  can  be  given  to  enable  any  one  to  make  some 
general  distinctions,  by  means  of  such  reagents  as  are  accessible 
either  at  home  or  at  the  nearest  drug  store.  These  would  be  of 
use  to  those  who  desire  to  know  something  about  the  nature  of  the 
impurities  found  in  the  water  of  their  wells,  but  do  not  wish  to 
incur  the  expense  of  a  full  quantitative  analysis. 

*These  teflts  have  been  selected  as  the  raont  easily'available  ;  with  the  co-operation  and 
asuistance  of  Prof.  Dodge. 
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1.  Solids  in  Solution. 

Limt\  This  is  mostly  insolutic»ii  its  bicarl)oi)atc.  or  as  sulphate, 
and  is  found  in  nearly  all  common  \yells:  it  is  known  bv  the  fa- 
miliar  quality  which  is  describeil  as  "  hard/'  /.  e.,  with  common 
soap  it  produces  a  i^econd  sottp  which  is  precipitated,  or  floats  in 
flocks  in  the  water.  It  also  bt^cumes  evident,  when  the  water  is 
boiled,  by  the  formation  of  a  crust  of  lime  on  the  interior  of  the 
kettle.  A  chemical  test  consists  in  adding  a  few  drops  of  hydro- 
chloric acid,  then  a  few  drops  of  oxalic  acid  (2  drms.  in  2  oz.  water, 
cost  10  cents,)  and  then  aqua  ammonia,  when  a  white  precipitate 
is  formed. 

Iron,  If  a  well  contain  chalybeate  "water,  which  is  also  common- 
ly the  case  in  gravelly  districts,  it  has  an  '*  irony  ''  taste,  and  on 
repeated  evaporation  on  a  plate  will  leave  a  rusty  sediment.  The 
evaporation  is  best  performed  in  a  teacup  i)laced  in  a  tin  cup  of 
boiling  wat^r  on  a  hot  stove.  The  brown  residue  is  mostly  oxide 
of  iron.  To  confirm  this,  add  to  the  residue  a  dro])  or  two  of  pure 
Kydroi'hloric  acid,  than  a  drop  of  trroeyanide  of  potassium  a  blue 
color  and  a  precipitate  is  produieii.  (for  solution  of  ferrocyanide  of 
potassium.  2  dmms.  in  2  o/.  distilled  water;  cost  about  12  cents). 
Water  may  contain  as  much  as  two-tenths  grain  of  inm  per  gsil- 
lon.  without  being  injurious  a.s  n  drinking  water. 

A  delicate  test  for  iron  in  water  consists  in  stirring  a  quantity 
of  the  water,  in  a  pm'celain  dish,  with  a  glass  rod  previously  moist- 
ened with  sulphide  of  am  nionium  If  the  water  becomes  colored 
or  turbid,  it  contains  either  lead,  copper  or  iron.  If  a  few  drops  of 
hydrochloric  acid  then  b<»  added,  and  the  color  disappeai's  or  is  sen- 
sibly reduced,  the  wat^r  contains  iron:  but  if  not.  the  coloration 
was  produced  either  by  lead  or  copper. 

Ijead  and  copjter.  The  above  test  for  iron  will  determine  the 
presence  or  absence  of  the«e  metals,  if  lead,  copper  aud  iron  are 
all  present,  the  coloration  will  be  reduced  somew^hat,  but  will  not 
wholly  disappear.  [Sulphide  of  ammonium  solution  2  drams,  with 
bottle  should  cost  about  20  cents.  The  bottle  should  have  a  dark 
paper  pasted  all  around  it.] 

Alkalies  and  Alkaline  Earths,  In  most  of  the  surface  and  well- 
waters  of  the  western  part  of  the  State,  particularly  in  those  parts 
where  the  *'blue  clay"  exists,  the  product  of  the  glacial  epoch,  is 
found  a  greater  or  less  ainount  of  either  soda  or  potassa,  as  well  as 
of  the  alkaline  earths,  lime  an<l  magnesia.  These  are  derived  from 
the  clay,  or  glacial-drift  deposit  that  covers  that  part  of  the  State, 
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^  as  well  as  much  of  Iowa,  Nebraska  and  Dakota.  To  the  drift 
they  were  supplied  by  the  Cretaceous  clays  and  shales  which  by  their 
disintegration  have  so  largely  augmented  the  impervious  drift- 
sheet  in  those  States.  They  came  originally  from  the  waters  of 
the  alkaline  ocean,  which  deposited  the  Cretaceous  rocks  These 
alkalies  (soda  and  potassa)  if  present  in  observable  or  objectionable 
quantities,  can  be  detected  by  the  taste.  They  cause  a  soapy,  or 
alkaline,  or  somewhat  nauseating  taste  in  the  water.  Persons  who 
are  addicted  to  the  use  of  such  water  soon  lose  the  abilitv  to  dis- 
tinguish  these  alkalies,  and  they  may  experience  little  or  no  injur- 
ious effects;  but  a  novice  is  at  once  struck  with  the  peculiar  taste, 
and  perhaps  suffers  a  derangement  of  the  disgestive  system  if  he 
persists  in  drinking  the  water.  Such  waters  are  not  odorous. 
Water  containing  these  impurities  only  is  clear,  and  to  the  sight 
and  smell  is  very  inoffensive.  It  is  when  they  come  into  contact 
with  vegetation,  or  any  organic  substance,  that  they  become  the 
cause  of  rapid  chemical  reactions  that  result  in  foul  odors.  The 
organic  acids  replcae  the  acids  in  combination  with  the  alkalies,  and 
sulphuretted  hydrogen,  and  perhaps  other  gases,  are  set  free  to  per- 
meate the  water  or  to  pass  away  in  the  air.  The  special  chemical 
tests  for  proving  the  presence  of  soda  or  potassa  are  rather  too 
complicated  to  be  of  service  to  the  non-professional  well-owner. 
If  a  more  delicate  examination  is  desired  several  gallons  of  the  wa- 
ter must  be  sent  to  some  practical  chemist.  If  the  water  has  a 
bitter  taste,  like  epsom  salt,  it  shows  the  presence  of  sulphate  of 
magnesia. 

2.    Orgranio  Impurities. 

The  presence  of  organic  impurities  in  the  wells  of  the  prairie 
portion  of  the  State  is  very  common.  These  do  not  come  from 
the  clay  in  which  the  wells  are  dug,  but  from  the  pine  curbing  or 
some  other  local,  and  generally  removable,  cause  in  the  surround- 
ings of  the  well.  Sometimes  a  long  wooden  tube,  serving  for  a 
pump,  is  the  source.  The  supplv  of  these  organic  impurities  is 
provoked  and  hastened  by  the  prevailing  alkaline  qualities  of  the 
waters.  (See  the  sixth  annual  report  for  a  full  discussion  of  the 
trater  supply  for  domestic  uses  in  the  western  part  of  the  State). 
These  organic  impurities  are  the  chief  source  of  danger  to  the 
farmer,  as  they  have  been  the  cause  of  hundreds  of  cases  of  typhoid 
fever.  If  the  organic  impurities  are  odorous  and  very  offensive,  or 
if  the  water  contmn  sulphuretted  hydrogen,  the  fact  may  be  shown 
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by  throwing  into  a  tumblerful  a  pinch  of  sugar  of  lead,  when 
the  water  will  become  black.*  If  the  organic  impurities  are  not 
odorous,  so  as  to  attnict  attention,  still  their  presence  may  be 
detected  by  what  is  known  lus  the ''ammonia  process.''  This  method 
is  in  general  use  among  water  analysts,  though  the  "permanganate 
process"  is  also  employeil,  the  latter  being  the  morp  simple,  but  the 
former  the  more  delicate  and  con-ect.  For  the  purpose  of  the  well- 
owner  it  is  best  to  state  here  only  the  permanganate  process.  A  dilute 
solution  of  permang-anate  of  potash  is  \n  be  added  to  a  tuml)ler  nearly 
filled  with  the  water  to  be  tested.  If  the  water  is  free  from  organic 
impurities,  the  coloration  of  the  water  by  this  Jiddition,  will  l^e  per- 
manent; but  the  clarification  of  the  water,  in  a  nu)ment,  indicates 
the  presence  of  organic  poison.  The  p-eater  the  amount  of  the 
permanganate  necessary  to  produce  continued  coloration  the  greater 
the  impurity  of  the  water. 

Another  test  for  organic  matter,  but  which  is  not  fully  reliable? 
is  to  heat  on  a  teaspoon  some  of  the  matter  obtained  by  eva[)orar 
tion  in  a  tea-cup;  if  it  blackens  and  then  whitens  again,  ort;;niic 
matter  is  shown. 

3.    Ghaseous  Substances. 

Snlphuretfeti  Hijdrof/en.  As  idready  stated  for  the  detection  of 
odorous  organic  impurities,  as  they  generally  occur  in  wells  in  the 
western  part  of  Minnesota,  in  connection  with  alkaline  mineral  in- 
gredients, this  gas  can  l)e  shown,  notimly  by  the  smell,  but  also  by 
the  sugar-of-lead  test.  But  there  ar«^  some  wells  that  are  genuine 
sulphur  wells,  or  sulphur  springs,  that  derive  free  sulphuretted 
hydrogen  from  the  rocks  underlying,  an<l  contain  no  noxious  or- 
ganic mattew.  The  test  here  may  be  the  same.  Further,  such 
waters  will  cause  a  blackening  of  the  metallic  dippers  imd  pails  in 
which  it  is  handled.  Such  waters  are  not  noxious,  but  constitute 
some  of  the  famed  mineral  waters  of  the  country. 

Carbonk  acifh  (Most  commonly  with  lime).  A<ld  clear  lime 
water.  There  will  be  a  white  preiripitate  which  will  dissolve  on 
adding  a  little  hydrochlonc  acid. 

Carburetied  Hydroijt^n.  Besides  the  odors  that  arise  from  wells 
contaminated  by  organic  decay,  the  principal  gas  from  which  is 
sulphuretted  hydrogen,  there  are  some  wells  in  western  Minnesota 
that  have  an  odor  somewhat  diffierent,  resulting  from  the  distillar 

^o  make  tbiK  tent  luon;  reliable,  dlsMolve  the  sugar  of  lead  first  with  a  liUle  carbonate 
of  Mda  In  dtetnied  water,  and  i>ou  r  the  solution  in  the  water  to  be  tested.  Tlie  effect  will 
betbewne. 
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tion  of  gas  from  the  lignites  of  the  Cretaceous,  with  which  they 
come  in  contact.  The  gas  can  be  distinguished  from  sulphuretted 
hydrogen  by  the  fact  that  the  addition  of  sugar  of  lead  will  not 
cause  the  water  to  become  inky  black. 

Chlorine,  In  the  case  of  wells  suspected  of  contamination  by 
sewerage,  the  organic  matter  present  is  easily  shown  by  the  de- 
tection of  chlorine,  which  is  in  state  of  combination  with  sodium, 
forming  common  salt.  Still  the  presence  of  chlorine  in  well  wat- 
ers from  the  western  part  of  the  state,  cannot  be  taken  as  evi- 
dence of  the  presence  of  sewage  contamination,  since  some  of  the 
mineral,  alkaline  ingredients  are  in  combination  with  it  in  a  nat- 
ural state,  sometimes  even  forming  common  salt.  Add  a  few 
drops  of  pure  nitric  acid,  then  nitrate  of  silver:  a  white,  cloudy 
precipitate  or  turbility  will  result.  [For  solution  of  nitrate  of  sil- 
ver, obtain  1  dram  in  1  ounce  of  distilled  water;  cost,  with  bot- 
tle, about  25  cts;  pure  nitric  acid  20  cts.] 

Sulphuric  Acid^  [most  commonly  with  lime  or  niagnesia.]  Add 
a  few  drops  of  pure  hydrochloric  acid;  then  chloride  of  barium;  a 
white,  heavy  precipitate  will  form.  [For  solution  of  chloride  of 
barium,  get  two  drams,  in  two  ounces  of  distilled  water;  cost 
about  10  cts:  pure  hydrochloric  acid.  15  cts.] 
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VII. 


THE  UPPER  MISSISSIPPI  REGION 


A    REPORT    BY   O.   E.    GARRI.^ON. 


Prof.  iV.  H,  IViticlielL  Sfatf  (reohuiist : 

Sib;  In  the  following  i-eport  I  will  giv»*  a  succinct  narrative  of 
the  journey  taken  b}'  me  during  the  past  summer  to  explore  the 
head  waters  of  the  Mississippi  R.  in  the  inter(»st  of  the  tenth  census 
of  the  United  States,  Dept.  of  Fon^strv. 

This  paper  is  compile*!  from  notes  made  in  pursuumeof  instrnc- 
tions  given  in  your  letter  of  tin*  ^I'M  of  Junc^  IsSO.  In  the  accom- 
panying map  I  have  included  tht*  countrv  tnivpi-sed  and  have  en- 
deavored to  represent  the  surfac*'  geology  of  tin*  region  as  observed 
at  various  times  during  the  last  20  or  28  v«»ars. 

With  one  assistant  as  canoe  man  and  man  of  all  work.  1  left  St. 
Cloud  via  Xortlif^ru  i*acific  R.  Ii.  June  2S.  1880,  arriving  at 

Camp  So.  /,  Venidah\  WndetHi  Coftuff/, 

on  the  same  day.  at  which  place  we  remained  two  days,  taking 
notes  of  the  forests,  etc.  Your  own  published  observations  render 
any  of  mine  superfluous.  Leaving  Verndale  we  put  canoe  in  the 
Wing  R.  at  about  one  mile  from  the  station  near  where  a  mill  was 
in  process  of  erection.  The  dam  gives  about  10  feet  head  and  the 
excavation  for  the  fouiulation  exposes  the  stony  clay  so  often  de- 
scribed at  about  10  feet  below  the  surface  which  here  consists  of 
a  sandy  and  gravelly  clay. 

Camp  Xo.  S,  Wednesdaij^  Jinte  Hi), 

was  pitched  on  a  spot  of  gravelly  clay  10  feet  above  the  flood  plain 
thrown  up  in  digging  a  mill-race,  near  where  the  line  of  Tps.  134 
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135  crosses  the  river.  The  dam  having  been  carried  away,  the 
site  is  now  abandoned.  In  the  race  the  boulder  clay  appears  near 
the  surface  which  is  a  rolling  sandy  ajxd  clayey  loam.  The  timber 
consists  t)f  scattering  black  pine,  Pinus  havksknia^  small  Norway 
pine,  P,  re^inosa^  with  a  new  growth,  chiefly  of  deciduous  varieties, 
as  black  and  burr  oaks  aspens  and  birches. 

(\inip  No,  3^  Thursday,  July  1. 

Entered  Leaf  R.  at  9i  a.  m.  and  the  Grow  Wing  at  4  p.  m.  The 
Leaf  R.  seems  to  be,  approximately  at  least,  a  dividing  line  between 
fine  stratified  sand  on  the  north,  and  sandy  or  gravelly  clay  on  the 
south.  I  took  occasion  to  examine  an  old  fortification  which  I 
discovered  and  surveyed  in  1869  of  which  I  enclose  a  sketch  show- 
ing plan  and  elevation  (Fig,  i,  Plate  1),  Some  three  or  four  miles 
north  of  this  place  I  discovered  what  appears  to  be  evidence  of  a 
former  settlement.  I  think  these  are  the  sites  of  a  winter  camp 
of  one  of  the  early  explorers  of  this  region. 

The  flood  plain  of  the  Leaf  R.  has  an  average  width  of  60  rods 
and  is  thickly  covered  by  a  growth  of  deciduous  trees,  while  the 
conifers  occupy  almost  exclusively  the  upland.  The  timber  on  the 
bottoms  is  chiefly  elm,  oak,  soft  maple,  ash,  and  ironwood,  while 
by  far  the  most  abundant  among  the  conifers  is  the  black  pine, 
Pinus  banksiann.  The  river  at  its  present  stage  is  from  two  to  four 
feet  below  the  surface  of  the  flood  plain.  Camped  on  a  bluff  15  or 
18  feet  above  the  Crow  Wing  R.  in  sec.  1,  T.  134,  R.  33. 

Camj)  No.  4,  Friday^  July  2. 

About  a  mile  above  the  Parnham  Brook  is  a  bluff  42  feet  high, 
where  a  recent  land  slide  reveals  the  character  of  the  drift.  The 
top  consists  of  a  layer,  3  or  4  feet  thick,  of  sand  with  no  large  peb- 
bles mixed  with  vegetable  mould;  below  is  a  layer  of  white  sand  2 
ft.  thick  followed  by  a  layer  of  6  feet  of  coarse  sand  and  gravel 
with  rounded  pebbles.  A  layer  of  quicksand  6  or  7  feet  thick  rests 
upon  the  boulder  clay  which  extends  below  the  river  bed. 

The  surface  is  rolling  with  few  large  boulders.  Camped  in  sec. 
2,  T.  135  N.,  R.  33  W." 

Camp  No,  5,  Saturday^  July  3. 

Soon  after  leaving  camp  No.  4  the  river  changes  radically  in  the 
nature  of  the  channel  and  blufis.    The  former  is  obstructed  by 
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bowlders  while  the  current  becomes  quite  strong.  The  bluffs  are 
sloping,  and  closely  wooded  and  strewn  with  bowlders  of  granite, 
horblende  and  occiLsionally  of  limestone.  The  country  retains  the 
same  general  as])ect  as  below.  Groves  of  Norway  and  occasional 
white  pine  are  interspei^aed  among  the  characteristic  black  pine. 
There  are  also  a  few  burr  and  black  oaks.  On  the  bottoms  are  the 
ash,  elm,  oak,  aspen,  sprfice.  balsam,  fir,  soft  maple  etc.  In  sec.  3. 
T.  13H  N.,  R.  33  W.  on  the  left  bank  of  the  river  near  the  head  of 
a  nipids  ai*e  two  ancient  mounds.  I  landed  and  made  the  follow- 
ing rough  measurements :  The  one  nearest  the  river  is  56  paces 
from  the  top  of  the  river  bajik,  here  about  12  ft.  high;  its  hmgest 
diameter  is  nearly  parallel  with  the  course  of  the  stream:  the  shape 
is  oval,  the  longer  diameter  lx»ing  45  ft.  and  the  height  4  ft.  The 
second  mound  is  33  paces  farther  west,  having  about  the  same  size 
and  direction  as  the  first,  but  is  somewhat  higher.     North  of  both 

is  a  depression  as  if  the  earth  had  been  excavated  in  making  them. 
The  soil  is  sandy  with  no  boulders  except  in  the  river  channel 

where  they  are  large  and  numerous.     Camped  in  sec.  5.  T.  130,  R. 

33. 

<  'nnqt  Xo.  fi  S  inula  if  ^  J^^^if   f^^f- 

Lay  in  camp  all  day.  The  bluftis  have  continued  to  decrease  in 
height  since  leaving  Camp  No.  4,  where  they  were  from  30  to  50 
feet  high,  while  here  they  are  only  5  or  6  feet  high,  with  sloping 
banks,  overgrown  with  grass  and  hazel.  Very  few  boulders.  Many 
red  oak  trees  20  to  30  feet  high,  12  to  IS  inches  in  diameter  >vith 
an  occasional  black  oak.  A  few  rods  back  from  the  river,  tho 
characteristic  bhick  pine  and  sandy  rolling  surface. 

Camp  Xo.  7,  Mondau^  *J"^il  •'''/'• 

The  river  retains  the  same  general  character  as  on  Saturdav.  the 

stoney  clay  approaching  ncfirer  the  surface.  The  oaks,  tispens,  elm 
ash  are  oftener  seen  on  the  uplands  but  the  country  a  short  dis- 
tance from  the  river  is  the  same  as  lower  down  the  stream.  At 
about  the  middle  of  the  afternoon,  however,  after  passing  through 
a  tamarac  swamp  apd  meadow  in  the  northwest  corner  of  sec.  37 
R.  33,  we  found  the  bluffs  higher,  10  or  20  feet  above  the  flood 
plain.  The  flood  plain  is  40  to  60  rods  wide,  covered  with  willow 
thickets.  About  80  rods  east  of  camp,  is  a  sink  hole  similar  t^v 
those  found  in  limestone  countries,  30  feet  deep  with  water  at  the 
bottom,  fringed  with  a  dense  growth  of  willow  and  alder. 
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Camp  No,  8,  Tuesday,  Jiili/  fi 

Camp  on  a  narrow  neck  of  land  between  two  lakes  in  Sec.  6,  T. 
138,  R.  34.  The  country  passed  through  to-day  w^as  similar  to 
that  already  described  until  we  reached  the  junction  of  the  Shell 
and  Crow  Wing  rivers,  the  former  coming  in  from  the  west,  the 
later  from  the  north.  The  country  lying  north  of  the  one  and 
west  of  the  other  is  radicallyjdifferent.  The  surface  is  quite  level 
or  gently  rolling  with  rich,  black  gravelly  loam.  The  characteristic 
tree  is  still  the  black  pine,  but  there  are  also  many  small  bur  oaks 
with  aspen,  birch  and  ironwood,  with  small  prairies|and  openings. 
These  openings  have  a  character  peculiar  to  themselves.  As 
throughout  the  west  the  bur  oak  openings  were  considered  choice 
locations  by  the  early  immigrant,  so  here  the  black  pine  openhiga 
with  the  small  prairies  are  the  choice  places,  and  are  fought  for 
by  the  diflferent  factions  of  Homestead  Protection  Societies. 

This  peculiar  tract  of  country  commences  near  the  west  bank  of 
the  Crow  Wing  river  where  it  runs  south  through  towns  139  and 
140,  R.  33,  and  extends  northwest  to  the  range  of  hills  dividing 
the  head  of  the  Otter  Tail  or  Red  river  from  the  Shell.  The  Shell 
river  forming  its  southern  boundary  it  extends  north  to  a  line  of 
hills  bearing  N.  80®  W.  and  crossing  the  10th,  standard  parallel  to 
the  north  of  Fishhook  lake. 

Camp  No,  9,   Wednesday,  July  7. 

At  8.30  A.  M.,  we  arrived  at  a  settlement  known  as  Manters- 
burg  on  section  20,  T,  139,  N.  R.  34  W.  Mr.  Jaris  Howard  gives 
the  following  data  concerning  a  well  sunk  by  him — depth  36  feet, 
3  feet  sandy  or  gravelly  loam,  28  feet  sand  and  gravel  followed  by 
quicksand  bearing  water.  Other  wells  reach  the  bow^lder  clay  at 
from  32  to  42  feet. 

Cam^)  No.  10,  Thursday,  July  6, 

Went  by  team  to  Fishhook  lake,  distance  of  9  miles.  Eastward 
from  Fishhook  R.,  is  a  heavy  growth  of  black  and  Norway  pine, 
but  after  crossing  the  river  not  far  from  its  confluence  with  the 
Shell,  and  ascending  a  bluff  66  feet  high,  we  entered  Fishhook 
prairie,  one  of  the  largest  prairies  in  this  belt  of  openings.  The 
shore  of  the  lake  near  camp,  is  sandy  with  a  few  water-worn  peb- 
bles rarely  two  inches  in  diameter.    Among  the  stones  I  noticed 
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colored  slate  of  a  schistose  and  sandy  nature,  sandstone,  granite,  a 
few  quartz  pebbles  and  perhaps  25  per  cent,  of  limestone  pieces. 

The  followiu^r  trees  and  shrulw  wen*  noteil : 


PinuH  Vjanksiaiia,  Lamb. 
P.  resinoBU,  Ait. 
P.  stroburi,  I  J. 
P.  mitiif,  Mii'lix. 
Fraxiniis  americana,  M. 
F.  sambucifolia.  Lam. 
F.  viridis. 

Ostrya  virginiea,  Willd 
Pnmiw  pennsylvanica,  L. 
P.  Herotina,  Ehr. 
P.  virginiana,  Maivh. 
Virburnnm  lentago.  ].. 
V.  opiilus,  L^ 
Coo'lw?  rostra  til,  Ait. 
Betula  papyracea.  Ait. 
Popnlus  tn*midoid»'>«,  Mirhx. 


<jii<;r('ii.s  niiu.rocarpa  Micbx. 

<^  larolor,  Willd. 

<^.  roivinoa.  Wang.  \ar.  tinotoria. 

rinius  amtMicana.  L. 

Sah'x,  'd  or  4  species. 

KiUfs  hirtellinn,  Michx. 

R.  nibruni,  L. 

Alnus  inciina,  Willd. 

Rhus  toxicTKb^ndron.  L. 

R.  typliina,  L. 

Ani«'lan«hi»?r  canadensis,  T.  &  U. 

Zantlioxvluni  am»M-icanuni,  Willd. 

ri-.itiegns  tTus-gidli,  L. 

C  am»nicana.  Walt. 

K.  nijfra,  L. 

Popnlns  balsa niitVn'u,  L. 


Camp  Xo.  Uy  Fv'ulaij,  Jiihi  *.K 

We  loaded  the  canoe  and  crossed  tlie  lake  to  the  inlet,  which  has 
an  average  width  of  about  four  rt>ds,  and  a  rapid  current,  while  the 
water  is  of  a  whitish  color.  Many  large  bowlders  covered  with  a 
white  incrustation,  obstruct  the  channel. 

The  country  north  of  the  lake  radically  changes  in  character, 
instead  of  a  level  or  gently  rolling  surface,  it  is  a  hilly  and  broken 
region,  many  of  the  hills  are  abrupt  and  10(>  to  15(>  tVet  high,  the 
hollows  occasionally  having  ponds  in  them,  but  generally  having  a 
grassy  or  bushy  l)ottoni,  mostly  of  willow  and  alder.  The  timber 
changes  to  correspond  with  the  surface,  the  diciduous  varieties 
being  in  excess  of  the  pines.  The  conifers  are  principally  Norway 
and  white  pines,  spruce,  i)alsam  fir.  &c.  About  one  mile  from  Fish- 
hook lake  we  reach  the  "falls."  Here  the  water  passes  over  a 
compact  ledge  of  bowldei*s  and  in  about  ten  rods  has  a  fall  of  10 
feet,  necessitating  unloading  the  canoe  to  carry  around.  I^oth 
above  and  below  the  falls  are  rapids,  so  that  within  forty  or  fifty 
rods  there  is  a  descent  of  18  or  20  feet.  Hight  of  a  hill  near  the 
falls  on  the  left  bank,  116  feet  bv  barometer  measurement.  The 
rocks  in  the  falls  and  above,  are  thicklv  coated  with  the  whiti.sh 
incrustation.  Entering  the  lake  in  T.  141,  of  H.  84  and  31^,  we 
passed  near  ohe  shore,  which  is  thickly  strewn  with  granite  bowl- 
ders, and  camped  on  a  sandy  point  in  section  26,  T.  141,  R.  35. 
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Camp  No.  12.  Saturday,  July  10. 

Passing  up  the  inlet  about  6  rods  we  reached  a  second  lake  and 
after  passing  through  this  we  entered  another  inlet,  and  after 
rowing  80  rods  and  passing  a  rapids,  entered  a  third  lake,  on  the 
north  shore  of  which  is  some  good  pine,  though  the  decidiuous 
trees  are  larger  and  in  greater  variety. 

Rowing  up  the  western  arm  of  the  lake  we  landed,  and  guiding 
our  course  by  compass,  undertook  a  portage  to  a  small  lake  IJ 
miles  to  the  northwest,  camping  in  an  opening  a  little  south  of 
the  lake. 

Cajnp  No.  13,  Sunday,  July  11. 

Remained  in  camp  all  day.  Blue  berries  and  winterberries  are 
abundant. 

Camp  No.  14,  Monday,  July  1'^. 

Much  of  the  day  was  consumed  in  portages  and  searching  for 
Indian  trails.  The  country  traversed  today  was  diversified  with 
hills  100  to  150  feet  high,  among  which  were  occasional  pools  of 
water.  The  trees  were  chiefly  of  the  different  varieties  of  pine 
with  dense  undergrowth  of  hazel,  willow,  alder  and  an  occasional 
black  oak  shrub. 

The  soil  is  a  coarse  sandy  loam  with  occasional  boulders. 

Camp  No.  15^  Tuesday,  July  13. 

Making  our  way  through  several  small  ponds  and  inlets  with  an 
occasional  ^^carry'^  through  a  dense  growth  of  oaks,  elm,  bass- 
wood,  aspen,  black  haw,  shadberry,  ironwood,  hazel,  etc.,  we  reach- 
ed a  lake  crossed  by  the  line  of  ranges  35  and  36  of  Tp.  142. 

From  the  north  end  of  the  lake  I  was  informed  a  trail  is  to  l)e 
found  leading  to  Itaska  L.,  but  after  diligent  search,  no  trail  was 
discovered,  and  it  was  deemed  prudent  to  retrace  our  steps  and 
make  the  journey  by  the  wagon  road.  To  the  north  and  north- 
east is  a  fine  growth  of  pine,  but  to  the  westward  the  land  was 
burnt  over  and  less  thickly  wooded.  The  surface  is  hilly  and 
rocky,  large  boulders  often  covering  the  ground.  Taking  a  short 
trip  inland,  found  the  timber  dense,  chiefly  white  and  Norway 
pine  with  aspen  and  a  few  oaks  and  maples,  the  latter  only  a 
shrub,  12  to  18  feet  high,  growing  in  clumps  as  if  from  the 
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stumps  of  old  trees  now  wholly  di9apj)eared.     The  surface  soil  is 
stony  clay. 

Camp  Xo  17,  Thursday,  Juhj  I'h 

Arrived  at  1^  p.  m.,  at  Camp  No.  10,  and  waited  for  one  of  my 
men  to  secure  a  team  to  transport  our  luggage  to  White  Earth 
Agency. 

Friday,  July  10. 

The  whole  day  consumed  in  waiting  for  the  promised  team,  but 
at  evening  we  engaged  a  team  and  driver  so  as  to  start  tomorrow. 

Cam])  Xo.  IS,  Saturday,  July  17. 

Passed  numerous  settlers  cabins.  Of  several  wells  noted,  the 
following  description  of  one  sunk  by  Mr.  Samuel  Churchill  on 
See.  26,  T.  140,  N.  R.  35,  is  typical — 12  ft.,  sandy  loam,  about  4 
in.  sandy  clay,  1  ft.  gravel  and  sand  interspersed  with  small,  round- 
ed stones,  coarse  sand  to  wat^r  which  w^ts  3  feet  deep.  Passing 
the  eastern  boundary  of  the  White  Earth  Reservation  we  enter  a 
level  country  with  rich,  sandy  loam  and  no  stones.  The  black 
pine  becomes  less  abundant,  ^ood  size  bur  oak  with  small  aspen 
and  birch  and  an  occasional  Norway  or  white  pine  taking  its 
place.  Five  or  six  miles  further  on  we  entered  a  hilly,  sandy  tract 
covered  by  a  thick  growth  of  small  black  pine,  where  we  camped. 

Camp  No.  19,  Sunday  July  18. 

Resuming  our  journey  we  ascended  a  hill  higher  than  that  on 
which  we  camped,  and  found  ourselves  upon  a  level  table  land, 
where  the  soil  was  less  sandy  and  supported  an  undergrowth  of 
hazel  and  alder,  while  the  open  spaces  were  gay  with  the  scarlet 
and  yellow  leaves  of  the  painted  cup.  We  there  found  al)Out  two 
miles  of  rolling  ground  where  the  black  pines  almost  wholly  dis- 
appear and  young  dense  growth  of  aspen,  birch,  oak,  ironwood. 
red,  black  and  choke  cherry,  shadberry,  alden  and  willow  with 
some  Norway  pines  supply  their  place.  Soon  afterwards  we  pa.ssed 
a  rocky  ridge  with  many  white  pines  among  the  Norway  and 
black  varieties. 
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South  of  the  road  was  a  lake  in  a  steep  valley  about  75  feet  be- 
low the  road.  Hills  surround  the  lake  on  all  sides  but  the  north- 
west. Descending  these  hills  to  the  west  we  entered  a  rocky  roll- 
ing country  where  the  timber  was  more  of  it  of  the  deciduous  kinds 
with  some  medium  sized  white  and  Norway  pines,  which  increased 
in  size  and  number  till  they  formed  a  fine  grove  of  good  market- 
able pine  timber.  There  were  also  seen  some  sugar  maples  and 
oaks.  As  we  passed  on  west  the  maples  increased  in  size  and  fre- 
quency while  the  oaks,  birches  and  elms,  many  of  them  reached 
a  large  size.  We  passed  several  lakes,  on  the  shore  of  one  of  which 
and  in  the  road  near  it  many  small  pebbles  of  limestone  were  seen 
quite  half  of  the  pebbles  being  limestone.  This  lake  is  in  a  deep 
valley;  after  passing  it  and  crossing  its  outlet  we  passed  over  a 
high,  rocky  ridge,  where  were  boulders  of  a  large  size,  many  of 
them  being  4  to  6  feet  across  on  the  exposed  top.  These  boulders 
are  mostly  granite.  No  limestone  was  seen.  This  hilly  rocky 
tract  continued  about  five  miles  when  the  pines  gradually  thinned 
out  and  disappeared,  and  large  oaks,  sugar  maples,  bircli,  aspen, 
cottonwoods,  balm  of  Gilead,  elm,  ash,  ironwood,  etc.,  formed  a 
splendid  forest.  The  hills  were  twenty  to  forty  above  the  hollows 
where  were  occasional  ponds  or  lakes.  The  soil  is  a  clayey  loam, 
in  the  level  spots,  free  from  stones  and  wet  smA  muddy,  but  bould- 
ers nearly  cover  the  surface  on  the  sides  and  tops  of  the  hills.  This 
continues  until  within  one  or  two  miles  of  the  Agency  when  the 
tall  timber  begins  to  thin  out  and  the  most  of  the  trees  are  bur 
oak.  The  hills  are  less  high  and  steep,  the  hollows  covered  with  a 
thick,  tall  growth  of  grass  forming  fine  natural  meadows.  Indian 
fai*ms  were  parsed,  and  we  soon  entered  a  well  cultivated  region, 
the  surface  gently  rolling  with  but  a  few  stones;  soil,  a  rich  black 
clayey  loam. 

Camp  Xo.  20,  Monday,  July  19, 

After  procuring  the  needed  supplies  and  directions  at  the  Agency 
began  our  return  to  the  Junction  of  the  Itasca  road  with  that  up- 
(m  which  we  had  come.  We  entered  camp  at  the  crossing  of  what 
I  take  to  ])e  the  principal  branch  of  the  Otter  Tail  R.  The  follow- 
ing is  a  list  of  such  trees  and  scrubs  as  I  have  been  able  to  iden- 
tify during  our  hasty  journey  from  here  to  the  Agency  and  back: 

Quercus,  alba.  Fitucinus  americana. 

Qiien*u8  macrocarpa.  Fraxinus  pubescens. 

QuercuB  tinctorea.  Fraxinus  viridis. 


STATK   (^hOl.<)^TI^T. 


183 


fjuerciis  liic'jloi*. 
QnerLii>  mnhiqiia. 
rimii*?  Inlva. 
rim  us  anu'rii-aiiii. 
Betnla  i»jipyracea. 
Betula  ni^M. 
Poiuilus  tiieinnloiilts. 
Popiilii«*  moni litem. 
Pi^pulns  lialsainit'pni,  var. 
]'npi.i]ii:$  i*an(lu-ani«. 
Viburnum  pnmil'oliuui. 
Viburnum  nu<him. 
Viburnum  dentatum. 
Viburnum  aeerifolium. 
Viliumum  opulusi. 
Rulms  i«tri]y:6su». 
RaVjus  Oi'<-i«l»»ntali<. 
KuliUi^  villcHUs. 
Rubus  canail»*n:fiB<. 
Rill 'US  ci;n»»itblius. 
Pninu<  americ-ana. 
Prunus  pumila. 
Pnmus  Pennsylvania. 
Prunus  vir^iniana. 
Prunus  sioivitina. 
Alnu<  in can a. 
AlnusK**rnilatri. 
Abi''i<  ui^a. 
Abies  alba. 
Vawiniuiji  penur^ylv  auiciuii. 


A"  r  -ii«  •  hariuiuu. 
A«  •'!■  nii-y'iirvmni. 

A«-»' ■  lil'MUU. 

Piii'i^  n'>in'>>a. 
L:i:'ix  ani'Tii  ana. 
VJ'Trya  virj:inira. 
('aipi]iu>  anicri'-anii. 
Vil).iniiuii  Icnl.iiT"). 
Sanilui«u<  4-anail»Mi.>j>. 
1  if aiiii'ia  LMiita. 
Laiitrra  parviflora. 
UiiM  villa  tritida. 
K«»sa  liK-ida. 
Ho. I  Vilauila. 
('rata(?^u>  rrus-^ifaili. 
Aiii*'lanrhi«M-  rana«l».»nsis. 
Am  'lanrliiiM'  \'dv  ainiiolia. 
Sj»irii«-a  .-alirilolia. 
SpiriuM  touii'ui<»a. 
Din  a  imliKtris. 
Salix.  tlir-'f  nr  Ibnr  ^p.'ii^'s. 
(.'orvlii-  animrana. 
Curvlu>  n»strata. 
I'ilia  aniTii'ana. 
\\\i\\>  j^ial»ra. 

Zanthoxv  luuiiinitTicanmn. 
Arctrivtaplivhi-  ura-msi. 
\'ar<iiiiinu  •nrvinl'Osnm. 


After  useemliiig  the  ilivide  betwetMi  the  watei-s  Hovving  t»ast  to 
the  Shell  and  Orow  Wing  nv«'i-s  and  those  llowin^  we.st  to  the 
Otter  Tail  we  reached  an  Indian  villag**  consisting*;  of  temporary 
huts  and  lodges  where  the  Indians  are  eollecting  Senaca  snake- 
root  (Pohjgahi  ^cnnia).  Many  hundred  pounds  of  which  are  stored 
in  the  warehouses  of  the  traders.  This  eani])  is  situated  in  Sec.  33 
T,  141,  R.  37.  and  the  black  jiine  openin^js  extend  to  the  west  and 
north  as  far  as  the  eve  t-an  see. 

We  were  here  informed  by  the  trader  tiiat  no  such  road  as  we 
were  told  of  exists  toward  Itasca  but  offered  to  take  our  load  to  a 
lake  about  8  miles  north  of  the  camp  to  which  the  Indians  go  with 
wagon  to  ftsh. 

I  have  noticed  the  lead  plant     AiHorftltn  rttuescms  for  the  first 

time  since  leaving  St.  Cloud. 
13 
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Camp  No,  22,  Wednesday,  Jvhj  21. 

Started  by  10  a.  m.,  after  crossing  the  prairie  towards  the  north 
and  disovering  a  valley  about  20  feet  deep,  we  climbed  a  line  of 
hills  bearing  about  N.  80o  W,  and  about  50  feet  above  the  prairie 
level.  The  southern  aspect  is  quite  steep  and  full  of  boulders. 
The  top  is  gently  rolling  sand  with  a  few  boulders  and  timbered 
with  small  black  pine,  which  forms  quite  open  woods  with  under- 
growth of  hazel,  aspen,  willow  etc,  By  1^  p.  m.  we  reached  the 
lake  crossed  by  the  line  between  Towns  141  and  142,  section  5 
32,  the  south  end  of  which  is  over  9  miles  from  the  nearest  point 
on  Itaska  Lake.  The  outlet  of  [the  lake  is  a  branch  of  Fishhook 
river.  The  bottom  of  the  lake  is  in  many  places  of  the  whiteish 
color  noted  when  crossing  the  first  lake  north  of  Fishhook  Lake. 
Camped  at  the  north  end  of  the  lake  in  a  tall  dense  growth  of 
sprube,  birch,  aspen,  elm,  basswood  etc.,  \vith  a  dense  undergrowth 
of  hazel,  plum,  willow  and  alder.  A  grassy  pond  fenced  in  by 
an  old  beaver  dam  on  which  our  tent  is  pitched,  lies  a  few  rods 
from  the  lake. 

Thursday  and  Friday,  July  22  and  23, 

were  spent  in  making  the  portage  from  the  lake  mentioned  above 
to  a  pond  through  which  the  main  branch  of  Fish  Hook  R.  flows, 
in  T.  142,  Sec.  17  and  20.  This  pond  is  in  a  valley  diversified  by 
such  ridges  as  are  known  in  Wisconsin  as  ''hog  backs.''  Loading 
canoe  a  little  to  the  west  of  the  pond,  in  the  brook,  we  crossed  the 
pond  to  its  outlet,  a  comparatively  large  lagoon-like,  sluggish 
stream  filled  and  overgrown  with  rushes  and  lily  pads,  course 
nearlv  northeast  for  about  |  of  a  mi.,  when  the  brook  takes  a  sud- 
den bend  to  the  south,  cutting  its  way  through  hills  75  feet  high, 
while  the  valley  continues  northeast,  and  a  small  brook  comes 
from  it,  joining  the  larger  part  at  the  bend.  Here  we  again  pack- 
ed and  carried  to  a  high  pine  ridge  north  of  the  valley. 

Camp  Ao.  24,  Monday,  July  26, 

The  accidental  destruction  of  part  of  the  stores  and  equipage 
having  necessitated  a  delay  for  repairs  we  were  only  able  to  re- 
sume our  journey  this  morning,  putting  the  canoe  afloat  in  the 
pond  north  of  the  ridge,  after  crossing  to  the  north  side  of  which 
we  began  the  portage  to  a  lake  in  Sec.  3,  T.  142,  R.  36,  about  two 
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miles  distant.     Our  joiirnpy  was  through  dense  woods  of  hhxck  and 
Norway  pine  with  hazel,  alder,  willow  and  aspen  undergi-owth. 

Camjt  Xo.  ^r),  TitPSihni,  July  J7. 

Completing  the  carry  over  a  gently  rolling  country,  with  gravelly 
surface  with  now  and  then  a  bowlder  of  granite,  we  ascended  a  rise 
of  about  30  feet  and  descended  about  88  ft.  to  the  shore  of  the 
lake  mentioned.  The  lake  has  several  islands  whose  shores  like  its 
own  are  gravelly.  This  series  of  lakes  is  marked  on  the  old  maps 
as  having  an  outlet  to  the  north  and  thus  flowing  into  L.  Itaska 
being  therefore  the  ultimate  source  of  the  Mississi])pi.  Crossing 
this  lake  we  encamped  at  the  east  end  of  a  trail  leading  to  a  lake 
due  west  about  30  rods. 

Cant  J)  Xo.  4^0',  Wcflnesi/tfif,  Jifh/  V>. 

We  carried  over  to  the  otiier  lake,  then  paddled  slowly  near  the 
shore,  soon  coming  to  a  landing  and  trail  leading  north:  going  on 
in  search  of  the  outlet  of  these  lakes,  we  passed  several  low  sp(»ts 
in  the  hills  surrounding  the  lakes  (20  to  30  feet  high).  Failing  to 
find  an  outlet  we  returned  to  the  place  where  the  trail  leading 
north  was  found.  Here  we  had  a  carrv,  about  fortv  rods,  over  a 
low  hill,  then  a  pond  60  or  70  rods,  then  a  carry  over  another  low 
hill  40  or  50  rods,  then  a  pond  50  or  60  rods,  dining  among  some 
large  Norway  and  white  pines,  w^ith  oaks,  basswood,  maple  &c.;  af- 
ter dinner  a  carry  of  60  or  70  rods  to  a  pond  crossed  by  the  line  of 
government  survey  l>etween  sees.  27  and  34.  Near  the  north  end 
of  the  pond  50  or  60  rods  over  the  floating  bog.  northeast  of  the 
pond,  found  the  usual  marked  trees  at  the  beginning  or  ending  of  a 
carry.  The  trail  was  ejusily  followed  through  the  swamp,  but  after 
leaving  the  swamp  and  l)eginning  to  ascend  a  low  hill  we  entered  a 
dense  tall  growth  of  birch,  aspen,  oak,  pme.  tStc,  the  ground  thickly 
strewn  with  the  remains  of  a  large  growth  of  pinea,  many  of  them 
still  pretty  sound,  showing  tiiere  was,  but  a  few  years  ag»»,  a  large 
pine  forest  here.  To  the  north  about  half  a  mile  wjts  se*Mi  a  grove 
of  Norway  pines,  .still  alive,  through  which  it  seemed  that  it  would 
be  easier  to  cut  our  trail.  We  therefore  weut  into  camp.  On  the 
northwest  end,  among  tall  tamaracks  and  the  end  of  the  swamp, 
was  an  old  beaver  dam  on  which  was  growing  a  dense  thicket  of 
alders  and  willows.  In  this  dam  was  an  opening  about  two  feet 
wide,  through  which  was  running  water  about  two  inches  deep.     I 
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followed  this  l)rook  abunt  twenty  rods  dowu  a  rapid  descent,  with 
numerous  bowlders  where  the  channel  was  choked  with  fallen 
timber,  to  a  mossy  pond,  or  rather  to  the  mossy  bottom  of  a  small 
pond  now  dry,  which  stopped  my  further  progress,  f  consider  this 
the  larjj:est  feeder  to  Itaska  Lake  worthy  to  l)e  considerd  as  the  ut- 
most  source  of  the  Mississippi  Kiver.  Our  rout^  to-day  has  been 
over  a  gently  rolling  country,  with  some  large  pine  trees  and  an 
occasional  oak,  elm,  basswood,  &c.,  many  bowldei's  on  th«»  hills 

rVwi?/>  Ao.  V7,  Wednesday,  Jfflt/  '^\K 

Started  to  make  a  trail  to  Elk  Lake.  Found  the  way  very  brushy 
and  crossed  a  large  swamp,  surface  gently  rolling  until  within 
about  one  quarter  of  a  mile  of  the  lake,  when  we  ascended  a  hill 
50  or  t)0  feet  high,  on  the  top  of  which  I  climbed  a  tree  to  view 
the  surrounding  country.  For  many  miles  in  all  directions  but 
the  north  the  surface  was  tjjently  rolling,  none  of  the  hills  appear- 
ing to  be  more  than  twenty  or  twenty-five  feet  high;  they  were 
chietty  covered  with  a  young  growth  of  birch,  aspen  and  a  few  oak. 
Towering  above  them  were  seen  the  black  pines,  not  killed  by 
tires,  and  an  occasional  single  tree  or  small  groves  of  Norway  pine, 
towering  still  above  these.  These  tires  which  so  devastate  and  ut- 
terly ruin  so  many  thousand  acres  of  large  pine  forests  are  said  to 
be  set  by  the  Indians,  purposely,  and  assisted  to  spread,  to  kill  the 
timber,  and  so  give  better  feeding  ground  for  the  moose  and  deer 
which  abound  in  this  vicinity.  The  swamps  are  covered  by  a  large 
growth  of  tamarack,  spruce  and  balsam  fir.  Saw  several  mountain 
ash.  and  there  were  large  tracts  covered  by  the  junijjer,  Jfnii/jerHs 
sabina,  now  with  ripe  fruit.  Very  few  boulders  were  seen  on  our 
route.  Directly  north  of  the  tree  on  which  I  was  then  was  a  low 
spot  ccmcealed  by  a  grove  of  Norways,  where  was  Elk  Lake  and  to 
the  north  of  this,  Itju^ka.  By  1  p.  m.  we  had  cut  a  trail  back  to 
camp  and,  after  dinner,  carried  our  first  load  over  to  Elk  Lake, 
where  we  arriveil  just  in  time  to  put  up  tent  and  keep  dry  during 
a  smart  shower. 

SERIES  2. 
(^umj)  Xo,  U  Friday,  July  30, 

Completing  the  portage,  by  3  p.  m.  we  were  on  Elk  Lake,  steer- 
ing for  Itaska,  about  one  mile  distant,  as  indicated  by  an  open 
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tipaee  in  the  lint'  of  h)\\  hills.  Thr  outlet  \vit<soon  found;  the  wa- 
ter was  low  iind  a  few  rod.s  down  from  Elk  Lake  th(»  canoe  strand- 
ed on  the  pebbly  bottom  of  the  br(w)k:  landin*::  and  ascending  a  low 
hill  on  the  left,  Itaska  Lake  was  sh^mi  for  the  first  time,  about  fortv 

• 

rods  north.  The  hill  or  mound-like  elevation  is  of  an  oval  shape 
about  twenty  feet  above  the  lake,  and  is  near  the  center  of  an  open 
space,  between  Elk  and  Itaska  Lakers,  of  about  twenty-five  or  thir- 
ty acres.  Several  [>its  on  the  side>  or  top  had  the  appearance  of 
old  cellars  and  probably  intlicated  where  houses  (mce  stood,  but  all 
traces  of  timber  if  any  was  used  in  such  houses  have  disappeared 
and  the  numerous  boles  of  large  oaks  strewn  over  the  ground  indi- 
cates that  there  could  not  have  been  much  cultivation.   Still  manv 

• 

patches  free  from  standing  or  fallen  trees  and  a  thick  mat  of 
grass  or  wild  8trawl)erries.  covering  from'  on(»  to  four  or  five  acres 
were  quite  evidence^  encmgh  to  show  that  there  were  once  Indian 
gardens  here.  Between  this  oj)en  space  and  the  lake  shore  was  a 
line  of  trees  still  standing.  Carried  over  to  the  lake  about  40  rmls, 
and  embarking  on  the  lake,  pitched  camp  on  a  point  on  the  west 
shoiv. 

We  paddled  slowly  ;dong  the  west  shore  of  the  northeast  arm, 
stopping  occasional! v  to  ilentifv  trees.  The  arm  of  the  lake  t(v 
wanls  its  southern  exireiuity  is  surrounded  hy  comparatively  high 
hills,  the  highest  pntbably  7»  ft.  ai)ovc  the  lake.  The  western 
shore  is  badly  burned,  with  but  lew  pine  trees  standing,  and  the  dense 
new  growth  of  birches  and  aspens  among  the  fallen  trees  makes 
it  a  very  ditficult  tract  to  traverse.  The  eastern  is  much  less  dt»- 
vastated  by  fire.  There  is  sonu-  good  pine  on  the  sides  of  the  hills 
which,  near  the  southern  extremitv  nniv  reach  100  ft.  above  the 
lake.  The  shoivs  of  the  southwestern  arm  are  low,  10  -15  feet 
high,  and  closely  fringed  with  spruce,  cedar,  balsam  fir  and  tamar- 
ack. Some  boulders  were  seen,  while  the  ettst  side  of  the  south- 
east arm  is  lined  with  rocks,  and  the  side  hills  quite  covereil  with 
fair  sissed  white  and  Norway  pine.  At  our  camj)  the  soil  is  a 
sandy  or  gravelly  clay.  The  shallows  entii-ely  round  the  lake  are 
grown  up  with  rushes,  reeds,  wild  rice,  lily  and  fiag  leaves  t(»  a 
distance  of  10 — 60  rods  from  shore. 

Starting  about  S  a.  m.,  we  reached  the  outlet  of  the  lake  where 
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the  Mississippi  first  takes  its  name,  by  9J  a.  m.  It  is  here  an  in- 
significant stream  of  less  width  than  the  length  of  my  canoe.  There 
is  a  perceptible  curreni^  and  18  or  20  inches  of  water  with  a  soft 
muddy  bottom  and  shore;  the  banks  are  low  and  level  and  brushy, 
bordered  with  prairie  country  with  a  few  black  pines.  Continu- 
ing on,  we  soon  came  to  where  the  stream  was  too  shallow  to  float 
the  canoe  and  to  a  width  of  less  than  half  the  length  of  the  canoe, 
in  several  places.  We  had  to  lift  the  canoe  over  sand  bars;  we 
also  had  to  cut  away  several  recently  fallen  trees  that  obstructed 
the  channel.  Numerous  old  cuttings  showed  long  use  of  the  river 
for  boating,  though  no  fresh  cuttings  were  seen.  About  two 
miles  from  the  lake  the  river  enters  a  tamarack  swamp  where 
it  has  a  deep,  broad  and  sluggish  channel,  frequently  nearly 
closed  by  a  large  growth  of  wild  rice  of  which  many  hundred 
bushels  could  be  gathered.  In  many  places  the  banks  were  lined 
with  sweet  flag,  Acorns  calamus,  L.,  and  good  meadows  of  blue 
joint  and  red  top,  Calainagrostis  Canadensis  and  Agrostis  vulgaris^ 
With.,  where  thousands  of  tons  of  hay  could  be  made.  This 
swamp  continues  for  about  three  miles,  but  the  river  meandering 
through  it  is  more  than  twice  that  distance.  A  short  distance 
after  leaving  this  swamp  we  came  upon  a  jam  of  drift-wood  which 
proved  to  be  the  head  of  a  falls  or  rapids,  where  the  river  by  a  series 
of  short  leaps  over  compact  ledges  of  boulders,  has  a  descent  of 
about  twelve  feet  in  as  many  rods. 

This  was  a  surprise  as  I  had  the  impression  from  all  the  infor- 
mation I  had,  that  from  the  Falls  of  Pokegama  up  to  Itaska  Lake^ 
there  was  no  obstruction  to  the  free  passage  of  canoes. 

Following  down  the  bank  of  the  river,  I  found  a  series  of  rapids 
over  boulders  for  nearly  half  of  a  mile,  when  the  river  enters  an- 
other swamp  of  tamarack  and  apruce,  but  without  the  usual  mead- 
ow on  the  bank.  The  trees  which  had  fallen  across  the  river  had 
been  cut  away,  proving  its  use,  for  the  passage  of  boats. 

The  country  is  rolling,  the  hills  of  gentle  ascent,  except  the 
blufis  on  the  river  where  they  are  steep  and,  at  our  camp,  forty-six 
feet  high  by  barometer  measurement.  The  general  level  is  about 
that  height  above  the  river,  the  highest  hill  seen  would  not  ex- 
ceed 25  feet  higher.  The  country  is  open,  low  and  brushy,  with  a 
few  clumps  of  Norway  and  black  pine;  boulders  of  granite  are 
quite  plenty  on  the  hill  sides;  the  surface  soil  is  a  gravelly  clay. 
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"Carried"  down  to  the  liinding  found  yt'sterdjiy  and  load»xl  canoe. 
We  soon  came  to  fallen  timber  oI)stru<^tin^  the  channel  and  had  to 
cut  our  way  through  mnuy  jfntis  of  drift  wood  in  many  places;  also 
boulders  so  obstnicted  the  channel  that  we  had  to  get  out  of  the 
canoe  and  w^ade.  lifting  over  the  rucks.  In  this  way  we  made  slow 
progress,  and  by  noon,  from  the  a]>peariuice  of  the  country  we  had 
not  made  much  moi"e  than  two  miles  northing.  While  cook  was 
getting  dinner  1  went  back  from  the  river  about  half  a  mile:  found 
the  surface  quite  level.  The  l)lack  pine  timlM.»r  was  burned  and  fallen : 
the  new  growth  principally  bircli  and  aspen.  an<l  a  f(*w  i)lack  oaks. 
The  soil  is  a  sandy  or  gravdly  clay.  No  rocks  seen  except  in  the 
river;  the  bluff,  about  20  feet  high.  The  tlood  plain  is  twenty  to 
forty  rods  wide;  the  channel  of  the  river  two  to  four  feet  below 
the  flood  plain. 

Soon  after  starting  in  the  p.  m.  the  bluffs  increased  in  hight; 
the  river  seems  to  have  cut  its  way  in  a  narrow  gorge,  through 
hills  seventy  to  eighty  feet  high.  Camped  on  a  terrace  oi*  old 
flood  plain  about  fifteen  feet  above  the  [)resent  channel. 

The  timber  on  the  narrow  floo<l  plain  is  a  tall  growth  of  spruce, 
balsam,  apsen,  balm  of  (lilcad,  a  few  oaks,  elms,  and  ash;  on  the 
upland  are  the  usual  burnt  and  fallen  black  pines;  on  the  left  is  a 
tamarack  swamp  about  half  a  mile  from  the  river,  while  on  the 
right  bank'  there  is  less  burnt  land  and  some  good  white  and  Nor- 
way pines. 

('amp  Xo,  ."),  Tnf>}i(Jtf//,  Attjfttsf  .'i. 

The  stream  was  found  much  obstructed  bv  fallen  tre«*s  and  rooks 
until  we  entered  a  narrow  tamarack  >wanip  where  the  water  is  deep 
enough  to  float  the  canoe.  The  swam[)  soon  widens  to  about  eighty 
or  ninety  rods  with  meadow  near  the  channel  of  the  river.  We  took 
dinner  on  a  point  of  hard  land  projecting  into  the  swamj)  from  the 
left,  w^here  there  was  an  old,  much  used  cam}>iug  jilace  and  a  trail 
leading  to  the  northwest.  This  trail  I  suppose  to  be  the  one  lead- 
ing from  the  Mississij>pi  to  the  upper  Rice  Lake,  the  outlet  of 
which  is  Rice  river,  a  feeder  of  the  Red  river  and  about  four  miles 
distant.  The  swtimp  was  wide  at  this  point  and  below,  but  in  about 
a  mile  the  bluffs  on  each  side  were  seen  to  be  ten  to  twenty  feet 
high  and  clothed  with  tall  Norway  and  black  pine,  leaving  a  flood- 
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ed  plain  about  60  to  80  rods  wide.     The  river  has  cut  a  channel  in 
the  soft,  mucky  bottoms  from  four  to  six  feet  deep. 

Camp  No,  6\   Wednesday,  AiufHst  4. 

The  river  enters  a  wide  meadow  and  has  cut  its  way  in  a  very 
crooked  channel  from  four  to  eight  feet  deep.  I  noticed  in  many 
places  below  the  black  mucky  soil,  a  white  clay,  of  which  I  have 
a  sample  marked  No.  1;  it  was  taken  from  a  depth  of  about  6  feet 
below  the  surface  of  the  flood  plain  in  the  river  channel.  The 
outer  bluflfs  were  about  10  to  12  feet  high,  with  many  groves  of 
tall  Norway  pine  forming  open  woods.  The  soil  a  sandy  loam; 
and  when  the  river  infringes  on  them  shows  a  stratification.  Soon 
a  line  of  hills  appeared  in  the  north,  two  or  three  miles  distant » 
the  river  gradually  approaching  them  and  by  9.30  A.  M.  we  reach- 
ed them.  The  river  has  cut  its  way  in  a  deep  narrow  valley,  the 
bluffs  rising  fifty  to  seventy-five  feet  above  the  river,  which  has  a 
rapid  current  obstructed  with  bowlders.  The  timber  on  the  bluffs, 
black  and  Norway,  with  a  few  white  pines  and  bur  oaks.  After 
passing  through  these  hills  about  one  mile,  we  entered  another 
broad  meadow  or  savanna,  through  which  the  river  meanders  in  a 
very  tortuous  way.  prevented  from  reaching  the  outer  bluffs  by  a 
tamarack  swamp  of  unknown  width.  Took  dinner  on  a  low  projec- 
tion of  drv  land  in  the  memlow,  in  section  28,  T.  146,  N.  R.  85, 
W.  5th  M.  From  here  another  line  of  hills  is  seen  north  of  east. 
By  5  P.  M.  came  to  the  first  low  bluff  on  the  right  bank,  in  section 
34,  T.  146.  K.  35;  here  the  almost  boundless  meadow  was  narrow- 
ed: the  bluffs,  twenty  to  twenty-five  feet  high,  lined  the  flood  plain 
to  an  average  width  of  60  to  80  rods.  Camped  on  a  bluff  nearly 
opposite  a  small  brook,  entering  the  Mississippi  from  the  south,  in 
section  35,  T.  146,  R.  35.  A  few  oaks  were  seen  on  some  of  the 
low  points  of  dry  land  projecting  into  the  meadow  through  the 
tamarack,  and  the  river  bank  was  often  lined  with  tall  willows, 
while,  in  other  places,  tall  reed  grass  completely  closed  in  the 
channel. 

Camp  No,  7,  Thursday,  August  o. 

Soon  after  starting  we  entered  another  broad  savannah.  This 
continued  until  near  noon,  when  another  range  of  hills  was  enter- 
ed. Took  dinner  on  a  bluff  49  feet  above  the  river,  bv  barometer 
measurement-  -the  highest  seen.     In  passing  these  hills  there  was 
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Bn  occasional  rapid  with  hirge  bowlders  in  tlie  ohunnol;  deciduous 
treas  are  more  frequent  and  of  larj^e  growth.  The  flood  plain  af- 
ter passing  througli  a  narrow  valley  of  about  three-fourths  mile, 
again  widened  and  was  bounded  bv  blufts  fifteen  to  twenty 
feet  high.  The  country  is  gently  rolling  with  open  bushy  plains, 
bearing  some  small  black  pines.  The  soil  is  a  sandy  lojini,  the  river 
often  exposes  the  stnitiHed  sajid  on  the  banks:  for  al>ont  two  miles 
before  camping  the  flood  plains  l>ecome  narrow — 40  t<j  BCVrkLs 
wide — and  in  many  places  are  covered  with  a  thick  growth  of  soft 
maple,  elm,  ash,  oak  and  a.sj>en.  Camped  an  a  bluff' of  a  very  reg- 
ular crescent  shape.  49  feet  high  by  the  barroineter.  section  17, 
T.  146,  R.  33. 

The  country  south  of  camp  is  (juit»»  l(?vt»l  and  free  from  brush. 
while  the  manv  fallen  trees,  jind  th('  tall  stumps  of  many  more 
blackened  bv  fire  tell  that  not  verv  manv  vears  ago  there  was  here 
quite  a  dense  forest  of  pines:  I  went  back  to  a  couph*  r»f  rounded 
hills  about  half  a  mile  from  tlu*  river.  From  the  tf>p  of  these  the 
countrj'  for  ten  to  twenty  miles  was  n'lapped.  To  the  south  and 
west  was  a  gently  rolling  table  land  bounded  on  the  south  by  a 
range  of  hills  of  fifr<*en  or  twenty  miles  «li>tant.  To  the  east  and 
north  the  land  seems  to  (li^srend  wit]-  a  !4:(»ntle  slope,  and  is  quite 
level,  cl(»thed  with  a  givener  foliaiire  nf  trees  than  si»en  since  the 
forests  of  the  IWtridj^e  and  Wiiitr  rivers  were  |)a**se«!.  To  the 
south' and'  east  was  a  deep  valh'v  iji  whieli  were  seen  t\\o  larire 
lakes.  The  soil  i>  saiidv  with  a  small  vouuii:  y:rowtli  of  birch. 
aspen,  and  a  few  bur  and  black  (»aks.  while  the  black,  red.  sand 
and  choke  cherry  are  plenty,  and  are  now  loaded  with  ripened 
fruit.  Blackberries,  strawberries,  red  and  black  raspberries  were 
also  in  abundance. 

('(OHp  Xn.  '\  Frif/ffjf,  AfffjHst  fl. 

Soon  after  starting  this  morning,  we  |)assed  the  junction  of  a 
river  nearly  as  large  as  the  Mi8sissij)pi.  At  their  junction  the 
Mississppi  turns  at  a  right  angle  and  takes  the  coui-se  of  its  tribu- 
tary. At  9.30  A.  M.,  we  entered  the  flrst  lake  through  which  the 
Mississppi  runs  after  leavingjltaska.  The  next  lake,  the  l*a-ma-jig- 
er-mug  of  the  Indians,  and  Cross  lake  of  Nicollet,  is  a  larger  lake, 
and  the  first  one  seen  since  leaving  Fishhook  lake  whose  shore 
has  not  been  grown  over  with  rushes,  reeds  and  wild  rice.  &c.  At 
the  inlet  of  this  lake  there  was  also  an  Indian's  farm  or  garden, 
where  were  com.  potatoes,  pumpkins,  squashes.  &c.:  his  squaw  who 
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came  down  the  lake  and  landed  here,  was  the  first  human  being 
we  had  seen  since  the  Indian  left  us  and  canoe  with  his  pony  on 
the  21st  day  of  July  last.  After  crossing  this  lake,  the  river  is  rapid 
and  full  of  rocks,  making  at  the  present  low  water  a  diflScult  matter 
to  run  the  cmoe  down  without  striking  rocks.  The  shores  of  the 
river  here  are  sloping,  with  a  flood  plain  little  or  no  wider  than  the 
river  channel:  the  bluffs  are  from  ten  to  thirty  feet  high.  There 
are  some  bur  and  white  oaks,  with  many  elms,  ash,  balm  of  gilead 
aspen,  &c.  We  here  passed  a  cedar  swamp  on  the  left  bank.  The 
country  is  quite  level  or  gently  rolling;  the  soil  is  a  gravelly  clay: 
the  sand  blufts  of  landslide  make,  have  not  been  seen  since  the 
junction  of  the  large  stream  before  mentioned,  and  the  timber  is 
more  of  it  white  and  Norway  pine,  with  many  deciduous  varieties. 
In  the  P.  M.  there  were  fewer  bowlders  seen  in  the  river,  but 
the  water  Wiis  deeper  and  the  current  rapid.  For  about  two  hours 
before  camping,  the  flood  plain  widened  out  and  formed  large 
meadows  with  willow  and  alder.  Camped  at  7.30  P.  M.  on  a  kind 
of  terrace  about  six  feet  above  the  river  as  it  is  at  this  time,  where 
there  are  many  bur  and  white  oaks,  and  some  large  Norway  and 
white  pines. 

(\nup  No,  .9.  Satanlaifj  August  7. 

The  river  here  soon  runs  through  the  north  end  of  a  lake.  The 
western  line  of  the  great  Indian  Reservation  of  the  Leech  lake, 
the  Winnebigosis  and  Mississippi  bands  of  Chippeways  commences 
here;  and  soon  after  passing  the  lake  we  came  to  an  Indian  village 
of  bark  lodges,  at  the  entrance  of  a  small  lake ;  on  the  other  side 
of  which  was  seen  another  Indian  village  while  far  to  the  north 
was  another  still.  The  soil  around  these  lakes  appears  to  be  of  an 
excellent  quality,  producing  corn^  potatoes,  beans,  squashes,  &c.,  in 
good  measure,  considering  the  Indian  mode  of  cultivation.  Beyond 
this  lake  we  crossed  another  that  we  at  first  took  to  be  Cass  lake* 
but  after  about  two  and  a  half  miles  to  what  we  supposed  to  be  the 
outlet  of  Cass  lake,  we  passed  a  narrow  point,  and  the  broad  sur- 
face of  Cass  lake  lay  before  us.  This  is  the  largest  lake  but  one, 
through  which  the  Mississippi  flows  until  it  reaches  Lake  Pepin, 
the  Winnebigosis  being  the  larger.  The  banks  of  lake  Cass  are 
low:  no  hills  that  I  should  judge  to  be  over  thirty  feet  high,  border 
the  lake:  the  water  was  shallow  for  along  distance  from  the  iniet^ 
Camped  about  ten  miles  below  the  lake.  The  river  here  is  very 
much  larger  than  above  Cass  lake.     The  bluflfs  are  sloping  and 
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bowlders  are  often  seen  on  their  sides.  There  are  some  fair  sized 
oaks,  elms  and  ashes,  many  lar«i:e  Norway  and  a  few  whito  pines. 
The  black  pines  are  less  eomm(»n.  and  the  shrubs  in  much  greater 
variety.  The  pha^nogamous  plants,  and  grasses  are  of  a  ranker 
growth  than  seen  elsewhere  since  leaving  the  black  pine  openings 
and  woods  of  the  Wliite  earth  lipservati^n. 


Starting  the  usual  hour,  we  cam*»  in  sight  of  Winnibegosis  ]>y  10  a. 
m.  The  flood  plain  widens  out  to  about  1  a  mile  for  near  two 
miles  before  reaching  the  lake.  We  took  an  early  dinner  where 
the  river  comes  to  the  bluff  for  the  last  time  before  reaching  the 
lake.  Soon  after  entering  the  lake,  we  saw  to  the  nortlieast 
a  number  of  white  sjiecks  on  the  shore:  these  indicated  an  Indian 
village.  Steering  onr  course  m^  near  as  possible  for  the  outlet 
of  the  lake  and  aided  bv  a  stiff  w^(»st  wind  we  crossed  the  widest 
part  of  the  lake  by  3  p.  m.,  and  by  4  p.  m.  entered  the  river  at  its 
outlet.  We  found  some  difhculty  in  finding  tlie  river  in  the 
large  space  filled  and  overgrown  by  tall  reed  gi*ass  at  the  foot  of 
the  lake.  On  the  left  bjmk  near  tlie  outlet  on  a  spot  of  flat  or 
bottom  lands,  separated  from  the  river  by  a  marshy  strip,  fifteen 
or  twenty  rods  wide,  was  an  Indian  village  of  about  a  dozen  bark 
lodges  with  two  or  three  log  buihlings,  one  of  which  had  the  ap- 
pearance of  being  a  church.  On  the  right  bank  opposite  the  vil- 
lage was  seen  for  the  fii-st  time  sinc(»  passing  the  large  fri])utary 
U)  the  Mississi])j>i  on  the  morning  of  the  7th.  one  of  the  sand 
slide  bluffs  revealing  stratified  sand,  with  the  boulder  clay  twelve 
or  fifteen  feet  hejow  the  surface.  The  timber  around  the  lake  as 
seen  from  the  canoe  wliih*  ptt^sing  was  the  usual  black  with  many 
white  and  Norway  pines,  mixed  with  which  were  many  deciduous 
trees.  On  the  northeast  shore  tliere  was  a  large  tract  of  hard 
woods  which  I  was  desirious  to  explore,  but  as  the  time  and  ex- 
pense have  already  exceeded  my  estimates,  1  did  not  stop.  The  riv- 
er after  passing  the  Indian  village  has  a  wide  l)ott(mi  or  flood 
plain  on  which  is  a  tall  and  dense  growth  of  retnl  grass,  and  the 
channel  divides,  forming  many  islands  (m  which  is  seen  nothing 
growing  but  that  grass.  The  outer  bluffs  are  slojjing.  and  many 
boulders  were  seen  oji  their  sides,  while  the  oaks  and  other  decid- 
uous trees  are  of  larger  growth  than  seen  above  Lake  Winnibego- 
sis. 
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Cawp  No.  11,  Monday,  Aurj,  IK 

The  river  below  our  camp  of  last  night,  for  three  or  four  miles 
meanders  among  tall  reed  gnuss,  the  bluffs  about  half  a  mile  apart; 
then  the  flood  plain  contracts  to  60  or  80  rods  wide  with  boulders 
on  the  sloping  bluffs  and  in  the  channel.  The  flood  plain  again 
widens  to  one  half  or  three  miles,  and  the  river  winds  from  side 
to  side  through  the  tall  reed  grass.  The  channel  is  full  and  over- 
flowing. At  the  junction  of  the  Leech-lake  river,  the  Mississippi 
turns  at  a  nearly  right  angle  and  takes  the  course  of  its  tributary. 
The  timber  after  the  Leech-lake  river  joins,  consists  more  largely 
of  the  hard  woods;  birch,  oaks  and  aspens  prevailing.  Camped  on  a 
bluff  about  30  feet  high.  From  the  top  of  the  bluff  is  seen  to  the 
north  and  northeast  the  low  lands  surrounding  Ball  Club  Lake,  a 
tamarack  swamp  concealing  the  lake  from  view,  while  to  the  east 
and  southeast  stretches  a  large  marshy  meadow  of  many  miles  in 
extent,  over  which  a  line  of  hills,  blue  in  the  distance,  indicates 
the  hilly  region  in  which  is  situated  Deer  and  Bass  lakes,  where  is 
said  to  be  many  millions  of  feet  of  peculiarly  fine  white  pine.  Far  to 
the  north  of  our  Ball  Club  Lake  the  low  lands  extend  to  Bow- 
string Lake  through  which  the  Big  Fork  river  runs  in  its  course 
north  to  the  Rainy  Lake  and  River.  Mr.  J.  P.  Hinchehvood.  a 
former  U,  S.  Deputy  Surveyor  informs  me  that  from  a  point  near 
the  southern  most  part  of  the  latter  lake,  there  is  low  ground  ex- 
tending south,  where  during  high  water  there  is  a  water  connec- 
tion ^^^th  a  river  that  runs  west  and  north  entering  Lake  Winni- 
begosis  at  its  northern  extremity. 

Camjf  No.  7^,  Tuesday,  Any,  10. 

Soon  after  stsrting  we  entered  the  great  morass  and  meadow  on 
the  north  and  west  of  White  Oak  point;  passed  the  point  at  10 
a,  m.,  stopping  a  few  minutes  to  examine  the  surface  and  timber. 
There  was  here,  a  few  years  ago,  a  prosperous  Indian  settlement. 

When  Jas.  Whitehead  was  the  Indian  Agent  he  had  his  resi- 
dence here.  Leaving  the  savanna  about  12 1  p.  m.,  found  the  first 
accessible  landing  on  hard  ground,  except  at  the  White  Oak 
point,  since  leaving  the  camp  in  the  morning.  Hundreds  of  tons 
of  hay  are  now  being  put  up  by  the  Indians  and  half  bloods,  for 
lumbermen.  Took  dinner  at  an  old  log  landing,  where  I  gathered 
a  rich  harvest  of  specimens.  There  were  more  deciduous  trees 
and  of  a  thrifty  growth  than  seen  at  any  place  on  the  river  hith- 
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erto.  At  4  p.  ui.  ])fi>se<l  a  Imnboniiairs  ramj)  ami  farm,  Avlioro  was 
a  white  man  seen  for  tlie  first  timt'  sine**  leaviiijif  the  trader's  camp 
in  the  southeast  corner  of  the  Wliite  Eartli  reservation. 

The  banks  of  the  river  passed  after  dinner  were  of  an  average  of 
80  or  IW  rods  aiKiH.  [ii  some  plar«'S  th<'  Hood  j^lain  wid«»ns  to 
half  a  mile  or  a  littlo  mon*.  Only  in  two  or  three  plaoes  during 
the  day  were  bouidei-s  visiMe  iii  flu*  liver  cliannel  or  on  thf*  l)luifs. 
The  blufts  wen*  niostlv  low,  six  to  fifteen  or  twenty  feet  hitch, 
clothed  with  live  thrifty  trees,  tin*  ]>rineipal  kinds  heinjj:  white  and 
Norway  pines,  birch,  aspen,  wliit<»  and  burr  oaks  and  a  few  ]>lack 
oaks,  most  of  the  timber  bcin^^  a  new  t^rowth  of  fifty  to  seventy- 
five  years. 

Caul  J)  \o.  AV,  Wnlnr^dnij,  Ai(tjHsf  IL 

Arrived  at  Poke<3jania  Falls  at  10|  p.  m.  taking  notes,  eolleetin*;, 
&e.  Not  having  an  instrument  with  which  to  measure  the  Avidth 
of  the  river  or  accurately  take  the  levels,  contented  myself  per 
force  with  barometric  hights.  Ac<ording  to  them  the  de- 
scent from  the  upper  to  the  lower  landing  was  31  tVet.  On  the 
right  bank  about  SO  rods  above  the  pla<M»  Avhen*  the  rapids  com- 
mences, sandstone  in  situ  is  seen.  It  is  coarse,  friable  and  of  a 
reddish  ca^t.  The  dip  ap])cars  to  be  about  20'  S.  75-  E.,  and 
where  the  chute  is  most  porp(»ndiculur,  appears  to  hav(»bfeji  eroded 
so  as  to  alloAv  the  hauler  rock  immediately  superimposed  to  sink 
at  a  crack  or  fault,  crossing  the  rhann«d  at  np«n*ly  right  angle, 
forming  the  smoother  apron-like  chute,  where  th«»  fall  is  steepest. 
At  its  lower  end  it  is  broken  and  loo>^\  wlu*re  the  water  meeting 
with  the  obstructirm  ris(*s  in  waves  three  or  four  fe«*t,  and  then 
rushes  in  a  boiling  current  over  th«»  loos«»  rocks  bruken  from  the 
strata. 

The  pen  and  ink  sketch  in  plan  and  section  Avill  convey  a  tolnr- 
ably  correct  idea  of  the  Falls  and  the  strata  of  Avliich  tin*  rock  is 
composed.  The  numbers  corresponding  with  tlu»  same  on  the 
paper,  in  which  the  specimen  is  enclosed.  (IMate  1,  Fig.  2.) 

In  about  half  an  hour,  pad<lling  down  the  stream,  we  arrived  at 
Grand  Rapid«,  the  head  of  steamboat  navigation  above  Aitken  on 
the  Northern  Pacific  Railroad. 

Above  Pokegama  Palls,  steamboats  could  readily  run  to  a  point 
some  miles  above  Lake  Winnibegosis.  also  up  Leech  Lake  River 
to  Leech  Lake  agency.  Indeed,  in  1875,  when  Mr.  J.  B.  Bassett 
was   Chippeway    Agent   he   built  a   small    steamboat   on   Leech 
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Lake  and  used  it  to  transport  supplies  to  points  above  Pokegaina 
Falls.  Steamboats  were  run  from  Aitkin  to  this  place,  making 
trips  as  often  as  a  load  is  obtainable,  the  lumbermen  being  the 
principal  freighters.  The  bluff  here  is  above  fifteen  feet  above  the 
river.  The  first  bench  or  terrace,  on  which  is  built  the  store  and 
most  of  the  buildings  is  rocky,  while  back  about  twelve  or  four- 
teen rods,  the  land  rises  perhaps  twelve  or  fifteen  feet  higher  with 
fewer  boulders.  The  soil  is  a  clayey,  sandy  loam.  The  timber  is 
principally  pine,  of  that  species  or  variety  which  I  have  often  men- 
tioned as  P.  nu'tis,  the  ''Northern  pitch  pine."  The  oldest  and  most 
experienced  lumbermen  note  the  difierence  between  this  and  P.  re- 
siyiosa:  one  is  called  by  them  Hard  Norway,  the  other  the  Red- 
barked  Norway. 

Camp  Xo,  14,  Thursday,  August  12. 

Spent  all  of  the  forenoon  collecting  and  mailing  such  conifers 
found  in  the  vicinity  not  yet  sent  to  i)rofessor  Sargent.  Then  in 
the  p.  M.  ran  down  to  the  mouth  of  Prairie  River  and  up  that  to 
the  first  fall  or  rapid  in  Town  56,  N.  R.  25,  W.  4th  Mer.  In 
ascending  this  river  after  leaving  the  Mississippi,  the  current  is 
slow  and  the  water  deep,  the  channel  taking  a  wide  bend  to  the 
west  then  sweeps  around  to  the  east.  On  the  present  point  formed 
by  this  bend  there  are  some  white  and  l)ur  oaks,  ash,  elms,  aspen, 
etc.  Just  at  the  base  of  this  point  the  river  has  a  north  and  south 
course,  and  a  rapid  over  a  boulder  clay  exposure.  These  rapids  ex- 
tend up  stream  about  half  a  mile,  when  the  river  expands  in  a 
broad  lake-like  channel  with  wide  borders  of  wild  rice.  For  about 
four  miles  to  near  the  foot  of  the  lower  falls  the  banks  are  low 
and  bordered  by  cedar,  aspen,  balm  of  Gilead,  oaks,  pines,  etc.  As 
we  approach  the  rapids  below  the  falls  the  lake-like  channel  has 
manv  boulders  and  two  or  three  small  islands  on  which  is  some 
grass  and  shrubs.  Owen  in  the  description  of  Pokegama  falls  in 
his  report  of  the  geological  survey  of  Wisconsin,  Minnesota  and 
Iowa,  says  that  the  continuation  of  the  ridge  which  forms  these 
falls,  to  the  northeast  constitutes  the  divide  of  the  waters  flowing 
north  to  Rainy  Lake  from  the  waters  running  south  to  the  Mississ- 
ippi and  St.  Louis.  It  appears  that  neither  he  nor  his  assistants 
were  aware  of  the  existence  of  these  falls  of  Prairie  river.  The 
exposure  of  this  rock  which  occasions  the  Pokegama  falls  appears 
to  me  to  be  a  part  of  the  same  ridge  forming  the  two  falls  of  Prai- 
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tie  river.  The  rock  exposure  forming  tlie  u])per  fulls,  I  have 
traced  in  a  northeast  direction  ovor  one  mile,  tlie  upper  falls  and 
the  lake  between  it  and  the  lower  fall  being  the  result  of  igneous 
forces.  The  sketch  of  the  two  falls  and  lake  between  them  is 
copied  from  one  made  bv  nn*  from  actual  survev  in  August  18f>l*. 
(Plate  II,  Fig.  1.)  ' 

These  exposures  of  rock  have  been  greatly  disturljed  and  so  altered 
by  igneous  forces  that  their  dip  is  very  ditKcult  to  determine.  The  on- 
ly point  where  the  dip  is  apparent  is  at  the  lower  fall  near  the  point 
marked  3  on  the  plot,  Avhere  the  water  glides  over  the  smooth  sur- 
face at  an  angle  of  about  35'  toward  the  south  for  about  six  rods: 
near  the  foot  of  this  slope  was  taken  No.  102  from  the  top. 
which,  during  high  water  is  beneath  tin*  surface.  The  surface  of 
the  water  in  the  upper  lake  above  the  rapids  is  about  lo  feet  higher 
than  the  lower  lake.  The  lower  lake  is  about  15  feet  above  the 
surface  of  the  water  in  the  river  ])elow  the  rapids  at  the  landing  at 
the  beginning  of  the  carry,  making  a  total  fall  of  some  twenty- 
five  feet.  The  trail  from  the  landing  to  the  lower  lake  is  full  of 
loose  rock  of  altered — metamorphosed-  -sand  stone.  Specimen 
No.  wius  from  near  the  middle  of  tiie  carrv  where  the  surface 
of  the  rock  in  ffitu  avcIs  exposed:  it  was  about  S  feet  al)ove  the  water 
in  the  lower  lake.  Near  ^he  foot  of  the  lower  fall  there  is  a  seam 
or  vein  of  ironstone.  Nos.  112, 113  and  1 14.  The  course  of  the  vein 
is  about  N.  40^  E.  S,  40"  W.  and  where  exposed  in  the  channel  of 
the  river  lies  nearly  horizontal,  Avhile  the  dip  of  the  rock  is  about 
15*  S.  W.  At  about  the  middle  of  the  channel  where  the  ironstone 
is  the  most  plainly  revealed  there  seems  to  be  a  fault,  over  th'.* 
edge  of  which  the  water  has  a  perpendicular  fall  of  about  18  inches 
while  the  containing  rock  retains  its  dip  of  about  15':  but  both 
soon  after  disappear  beneath  loose  boulders  to  again  reappear  on 
the  left  bank  a  little  below  the  landing.  The  width.  (10  ft.,)  of  this 
vein  of  iron  is  quite  uniform  as  far  as  it  is  traceable.  In  the 
drift  on  the  right  bank  some  parties  in  prospecting  have  dug  pits 
in  a  course  in  which  this  vein  if  extended  would  be  found:  the  pits 
are  5  or  6  feet  deep,  from  the  bottom  of  which  a  specimen  was 
taken. 

At  the  upper  fall  the  rock  has  been  subject  to  a  more  energetic 
disturbance  and  is  broken  and  dislocated  in  all  directions  m)  that 
the  dip  or  course  of  any  particular  seam  is  difficult  to  determine. 
Many  of  these  cracks  are  filled  with  a  quartzyte  comglomerate 
(Nos.  109  and  110.)  At  one  point  I  thought  that  I  saw  an  injection  of 
trap  when  surveying  in  1869,  but  after  diligent  search  at  this  time 
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failed  to  find  it.  I  might  have  been  mistaken  then  but  my  im- 
pression is  that  such  a  seam  of  trap  was  seen  and  specimens  taken. 
The  river  here  is  contracted  to  a  width  of  18  or  20  feet,  between 
perpendicular  walls  of  rock  15  or  20  feet  high.  To  the  east  of  the 
river  and  "carry''  the  rock  rises  to  a  hight  of  about  50  feet  above 
the  surface  of  the  water  in  the  lower  lake,  and  the  ridge  continues 
in  a  northeasterly  direction,  with  frequent  out-crops  of  the  rock 
above  the  drift  and  soil  covering  it  and  then  sinks  beneath  the 
swamp  in  section  26.  Friday  and  Saturday  were  employed  in  col- 
lecting samples  in  the  vicinity  of  the  falls  and  lakes. 

Camif  ^^'  ^'^^  Stnidify,  AinjHst  /;>. 

Started  from  Prairie  river  falls  at  9:30  a.  m.  After  entering  the 
Mississippi,  fi'equently  landed  on  the  points  formed  by  the  bends 
of  the  river  in  meandering  through  the  wide  flood-plain  which  are 
densely  covered  by  a  large  growth  of  hard  woods.  On  one  of  these 
points  in  town  54,  N.  R.  24  W.  was  rewarded  in  my  search  by 
finding  a  single  tree  of  hack  berry,  Celtis  Mississippiensis^  Bose 
or  r.  integrifoUa  Nutt.:  being  without  fruit  could  not  decide 
which  variety. 

This  is  the  most  northerly  point  where  I  have  seen  this  species. 
Mr.  J.  P.  Hinchellwood  tells  me  that  when  he  was  U.  S.  Deputy 
Surveyor,  surveying  T.  149,  N.  R.  26,  W.  5th  Mer.,  he  saw  several 
of  the  trees  on  the  flood  plains  of  the  Big  Fork,  a  Tributary  to 
Rainy  Lake,  (.'amped  on  a  bluff  65  feet  high  by  barometer  meas- 
urement. The  coun|ry  west  is  a  gently  rolling,  open  brushy  tract. 
About  half  a  mile  west  is  seen  the  remains  of  a  large  growth  of 
pine  in  the  shape  of  tall  blackened  trunks  with  a  few  live  trees. 
The  new  gi-owth  is  principally  birch  and  aspen,  a  few  oaks,  with 
cherry,  willow,  alder,  hazel,  etc.  Very  little  of  it  exceeds  ten  feet 
in  hight  while  ferns  and  blueberries  dispute  for  room  with  the 
grasses.  The  following  rough  sketch  will  give  an  idea  of  the  form- 
ations as  seen  on  the  steep  bluff  revealed  by  land  slides.  (Plate  IT, 
Fig.  2). 

Cami^  So,  /O*,  Monday,  August  W, 

A  dense  growth  of  young  aspen,  birch,  alder  and  willow  sur- 
rounds our  camp,  which  is  on  a  kind  of  ateiTace,  the  bluff  in  about 

eight  rods  rising  about  15  feet.  On  our  way  to-day  we  saw  blufis 
from  thirty  to  sixty  feet  high  where  the  stratification  was  well 
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Bho%ll  which  did  not  vary  much  from  the  sketch  and  description 
given  above.  In  one  place  where  the  river  swept  around  in  a  very 
regular  curve  of  nearly  half  a  mile  j)eriphyry  and  (juitv  or  more 
than  a  semi-circle,  the  bluff  wiw  about  thirty-five  feet  high,  and 
when  near  the  middle  of  the  curve  there  appeared  above  the  water 
a  bed  of  very  compact  clay,  which  ha4l  a  dip  up  stream,  the  to|>- 
most  layer  continually  rising  above  the  water  and  api)earing  like  n 
wall  of  irregular  sized  brick  in  regular  courses,  tht»  cours(»?*  l)ein<r 
very  regular.  This  layer  seemed  to  end  on  the  bluil'  ascendins?  to 
a  kind  of  ten-tu'C  ai»ove  the  tlood-|)lain.  the  second  l)luff  also  ter- 
minating some  of  the  upj)er  coui-ses.     {Plate  11,  Fig.  '4), 

The  rimgh  sketch  will  convey  to  the  mind  an  idea  of  the  a[>- 
pearance  better  than  any  description.  The  courses  jts  representeil 
are  too  thick  and  the  dip  too  great:  otherwise  it  is  nearly  as  it  a^H 
pears  from  the  river.  The  timln^r  on  the  higher  bluff  is  principally 
black  and  Norway  pine  and  on  the  flood  plain  soft  maple,  oak,  ash, 
elm,  aspen,  and  willow,  of  which  last  I  saw  some  large  s]iecimens. 
1  also  saw  butternuts,  the  first  seen  on  this  trip. 

f'ani/f  No,  77,  Tueufhiy,  Ainfust  17. 

Began  our  journey  at  "i  a.  w.  The  river  is  very  crooked.  The 
timber  on  the  flood  plain  increases  in  size  as  we  dt?scend  the  river. 
Passed  the  mouth  of  Swan  river  at  4  p.  m.  There  has  bet^n  a  steam 
mill  in  operation  here  since  I  passed  here  the  last  time,  but  it  ha<? 
been  removed  Avith  all  the  machinerv,  and  no  residents  are  here  now. 
Camped  on  a  bluff  perhaps  fifty  feet  above  the  river.  There  was 
a  crew  of  hay  makers  camped  there  in  charge  of  Mr.  Libby.  from 
whom  1  received  much  valuable  information  as  to  the  standing 
timber  in  the  vicinity.  The  soil  on  the  left  or  west  b^nk  of  the 
river  is  more  clayey  and  Iniulders  come  to  the  surface.  Cedar, 
spmce,  balsam-fir,  etc.,  are  seen  in  dense  woods,  and  crews 
of  Indians  and  half-bloods  are  at  work  getting  out  cedar  telegraph 
poles. 

(Mmp  So.  Iti^  Wednesday,  Ah  (just  IH. 

The  timber  on  the  flood  plain  continues  to  inci-ease  in  size;  saw 
many  large  old  oaks,  ash,  elm  and  aspens,  many  four  to  five  feet  in 
diameter.    The  yellow  birch  and  soft  maples  are  many  of  them 
three  to  four  feet  in  diameter. 
14 
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Camj)  No,  19,  Thursday^  August  19, 

Passed  the  mouth  of  Sandy  river  at  8^  a.  m.  Landed  to  take  a 
look  at  the  place  famous  in  the  history  of  the  early  explorers  and 
voyagers.  Nicolet,  Schoolcraft,  Owen,  Pike  and  other  scientific 
explorers  of  the  upper  Mississippi  in  the  past  one  or  two  hundred 
years  have  made  this  one  of  the  noted  places.  Here  is  where  they 
came  to  or  left  the  Mississippi  on  their  way  to  or  from  Lake  Su- 
perior. 

The  trail  from  the  West  Savanna,  a  branch  of  the  Prairie  river, 
which  at  last  flows  into  Sandy  Lake,  to  the  East  Savanna,  a  tribu- 
tary to  the  St.  Louis  river,  had  been  used  from  the  time  tradition 
tells  not  of.  A  long  narrow  ridge  in  a  northerly  and  southerly 
direction  separates  the  Mississippi  flood  plain  from  that  of  the 
Sandy,  and  for'several  rods  above  its  southerly  end  both  rivers  wash 
the  base  of  the  ridge.  The  Mississippi,  where  the  Sandy  joins  it 
takes  a  bend— as  in  many  other  places  noticed— and  follows  the  course 
the  Sandy  where  their  waters  mingle.  The  ridge  is  quite  regular 
in  out-line,*  about  fifteen  feet  above  the  Mississippi  and  sixty  or 
eighty  rods  long,  Jis  the  north  of  it  expands  and  rises  perhaps  fif- 
teen feet  higher;  and  on  the  southerly  declivity  are  a  number  of 
Indian  graves.  The  spot  has  probably  been  used  as  a  burial  place 
for  centuries.  On  the  ridge  are  many  pits  which  were  once  cellars 
under  timber  houses,  but  now  there  is  not  a  house  on  the  ridge, 
and  only  a  pit  and  one  or  two  half-cut-up  logs  indicate  where  in 
1864-68  Mr.  Libby  had  his  house  and  store. 

A  few  granite  boulders  are  seen  on  the  ridge  and  where  the 
Mississippi  washes  the  base  of  the  bluflF  are  pebbles  of  granite, 
quartz,  slatestone,  etc.,  forming  a  shingle  beach. 

This  region  had  long  been  in  dispute  for  possession  by  the  Sioux 
and  Chippeways.  Schoolcraft  tells  of  sanguinary  battles  between 
them  and  how  the  fierce  Chippeway  warriors  of  the  north  fiaally 
drove  the  Sioux  from  this  favored  region  and  took  possession; 
retained  it  until  the  pale-face  subdued  them  and  finally  purchased 
of  them  the  graves  of  their  ancestors  as  well  as  the  rich  pine 
forests. 

About  two  miles  below  the  mouth  of  Sandy  river  there  is  a  short 
rapid  where  the  water  breaks  over  large  boulders  and  the  shore  is 
rocky. 

We  camped  on  one  of  the  few  sandy  bluflfe  to  be  found  between 
the  Sandy  river  and  Pine  Bluff  below  Aitken. 
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Camp  Xo,  -^K  Fridtiii,  A  ug.  ^0. 

This  morning  we  felled  an  oak.  QftercHS  hicoJor.  Willd.  Pin  oak, 
or  swamp  white  oak,  by  both  the  common  names,  I  have  heard  it 
called.  This  kind  of  oak  is  common  cm  the  flood  plains  of  the 
Mississippi  above  Crow  \Vin<2f,  and  flourishes  tts  far  north  as  Lake 
Winnibegosis  also  in  the  wotxls  of  Benton,  MilleLacs  and  Morrison 
counties.  Passed  the  mouth  of  Willow  river  at  3  p.  m.  About 
two  miles  below  the  mouth  of  Willow  river  by  section  lines,  but 
three  times  that  distance  by  the  nieanderings  of  the  Mississippi, 
there  is  the  worst  rapids  to  be  found  between  l^ine  Bluff  below 
Aitken,  and  Grand  Rapids  about  four  miles  below  the  Falls  of 
Pokegama.  Camped  on  Ihe  highest  bluff  to  be  found  for  many 
miles,  in  Sec.  28,  T.  4S.  K.  2B. 

Camp  Xo.  ^-^L  SutHrdjuj.  -^".7-  '*^- 

Did  not  get  started  until  past  8  a.  ni.,  when  after  a  hard  pull,  at 
124  p.  m.,  we  entered  Mud  river.  After  dinner  I  went  up  to  Ait- 
kin station,  about  one  mile  from  the  Mississippi,  where  the  North- 
em  Pacific  crosses  Mud  River.  This  is  now  quite  a  village. 
Made  such  arrangements  as  relieved  me  of  the  necessity  of  con- 
tinuing the  journey  in  the  canoe  to  Bniinerd. 

Here  ends  one  of  the  most  instructive  and  interesting  canoe 
journeys  of  the  many  that  I  have  heretofore  made  in  the  interest 
of  pind  land  owners  or  as  U.  S.  Deputy  Surveyor  surveying  public 
lands.  In  the  following  pages  I  will  give  a  list  of  all  the  forest 
trees  and  shrubs  that  I  have  been  able  to  identify  in  the  region 
traversed.  A  map  of  the  country  also  accompanies  the  pa- 
per on  which  I  have  endeavored  to  mark  the  limits  where  some 
of  the  most  important  trees  form  the  characteristic  forests. 

I  wish  here  to  record  my  obligations  to  Mr.  Thos.  C.  McClure  of 
this  city  St.  Cloud  for  his  pecuniary  assistance  without  which  the 
journey  would  not  have  l)een  made.  Also  to  Mr.  Geo.  A.  Morrison  of 
White  Earth,  Mr.  Wakefield  of  Grand  Raj)ids,  and  Mr.  ('.  H. 
Douglass  of  Aitkin,  all  these  gentlemen  having  assisted  to  the  full 
extent  of  my  needs  in  the  prosecution  of  the  work. 

The  following  is  a  list  of  the  forest  trees  identified  in  the  region 
traversed: 

T  ilia  reft'. 
1.    Tilia  amcricana,  L,  Basawowi,  abundant H 
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Rfftaretf. 

2.  Zanthoxylum  americanum.  Mill.  Prickly  Ash 00 

SnpimlarfO'. 

3.  Acer  dasy  carpuiu,  Ehrh,  Silver  maple 47 

4.  Acer  pennsylvanicum,  L..  Staiped  maple 50 

5.  Acer  rubrum,  L.,  Red  maple 51 

6.  Acer  saccharinum,  Wang,  Sugar  iimpl^ 52 

7.  Acer  nigrum,  Michx,  Sugar  maple 00 

8.  Negundo  aeeroideB,  Torr  &  Gray,  Box  Elder 5S 

9.  Rhus  typhina,  L,  Staghom  Sumach 56 

10.  Rhus  glabra,  L,  Smooth  Sumach 00 

11.  Rhus  venenata,  D.  C.  Poison  Sumarli 00 

IfosnraF. 

12.  Prunus  americana,  Marahall,  Wild  Plum 76 

13.  Prunus  pennsylvanica,  L.,  Wild  red  Cherry 80 

14.  E^nus  serotina,  Ehrh..  Wild  black  Cherr>' 81 

15.  **      virginiana,  L.,  Choke  Cherry 00 

16.  PyruR  sambucifolia,  Chem  &  St^hlect,  Mountain  a«b 89 

17.  Crataegus  coccinea,  L.  Scarlet  fruit  Thorn 94 

18.  '*  cms-galli,  L..  Cock-spur  Thorr 96 

19.  "         tomentoea,  L.,  Pear  Thorn 102 

20.  Amelanchier  canadensis.  Torr  &  Gray,  .luneberr>  105 

Coniaceif. 

21.  Comus  florida.  L.,  Floweiy  Dogwood 115 

Caprifoliacfd'. 

22.  Sambucus  glauca,  Nutt,  Elder 122 

23.  Virbumum  lentago,  L.,  Sheepberr\ 123 

24.  Vibnmum  pmnifolia,  L.  Black  Ha^ 194 

25.  "         opulus,  L.,  Highbush  Cranberr}- 00 

26.  •*         nudum,  L.,  White-rod 00 

27.  **  dentatura.  L.,  Arrow-wooti 00 

Thffmeleacett. 

28.  Dirca  palustris,  L.,  Mooee  wood,  leather  wood 00 

Oleacea. 

29.  Frazinus  americana,  L.,  White  Ash 148 
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^.        "         sambucifolia,  Lam.,  Black  Ash 155 

31.  "        quadrangulata,  Michx,  Blue  Ash 156 

32.  *•         viridis,  Michx 157 

Urticai'e(f. 

:».    UlmuH  alata,  Miohx,  Small  leaved  Elm(y) 176 

34.        *•        americana,  Willd,  White  Elm 177 

a5.        *•        fulva,  Michx,  Slipperj-  Elm 179 

36.  *•        racem(wa,  Thomas,  Rock  Elm ISO 

37.  Celtis  occident^lis,  L..  Haokbeny IS4 

Jiifflandacett. 

38.  JuglanH  cinera,  L.,  Butternut 195 

39.  Carya  amaru.  Nutt.  Bitternut 199 

40.  Quercus  alba.  L..  Whitt*  Oak 201 

41.  *•        bieolnr,  Willd.  Pin  Oak J09 

42.  ••        coccinea.  Wang,  Scarlot  Oak. .         J13 

43.  *'        iiiaerocarpa.  Michx,  liurr  Oak. .         'J27 

44?  *•        palustri8(y).  Dm.  Roi.  PinOak -'31 

45.  **        rubra.  L.,  Red  Oak -31 

46.  ••        tint-toria,  Burtrani,  Bhick  Oak J36 

47.  Ostrya  virginicii,  Wilkl,  Hop  honi  beam,  Iron  wood -44 

48.  CarpinuB  Carolinian  a,  Wait.  Blue  Beech 'J45 

Ih'tuliicett'. 

49.  Bt*tulaalba.L.(y)  White  Birch 246 

50.  ••      lutea,  Michx.  f.  Yellow  Birch J48 

51.  **     papyracea.  Ait,  Canoe  Birch. . .  "251 

62.    Alnu8  incana,  Willd,  Black  Alder 152 

53.        **       Berrulata,  Ait.  Smooth  Aler 00 

Saiicaceif. 

54-60.    Salix,  six  or  seven  specie.^. 

^1.    PopoluB  balsamifera,  L.,  Balm  of  Gilead 26^3 

62.  **      canadensin,  Ait 00 

63.  *'     grandidentata,  Michx 265 

64.  *•      monilifera,  Ait 267 

65.  ••       tr«muloideR,  Michx 268 

Cojii/ero', 
,    Jnnipenu  nrginiana.  Red  Cedar 277 
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67.  JChamaBcyparis  aphaeroldea,  Spach.  White  Cedi;:  : 283 

68.  Thiya  occidentalis,  L.,  White  Cedar 285 

69.  Abies  balsamifera,  Marshall,  BalBam  F'V  290 

70.  Picea  alba.  Link.  White  Spruce 302 

**     nigrv.  Link,  black  Cpruce. .  304 

Larix  americana,  Michx.  Tamanu'k  307 

Pinus  banksiana,  Lamb.  Black  Pin*     .313 

niitis,  Michx,  Hard  Norway 324 

resinosa  Ait,  Red-barked  Norwa\ . .  3J30 

strobii8,  L.,  White  Pine '3.35 


7L 
72. 
73. 
74. 
75. 
76. 


ii 


«4 


The  following  1  have  heard  of,  as  gro\i*ing  near  Pokegauia  lake,  but  I  have 
not  seen  the  trees. 

77.  Abies  canadensis,  Hemloik 299 

78.  Pyrus  coronaria.  L.  Crab  Apple 87 

The  figures  on  the  right  of  the  names  are  the  numbers  in  Prof.  Sargent's 

pamphlet  of  the  forest  trees  of  North  America. 

The  Forest  Distribution. 


In  the  accompanying  map  of  the  upper  Msssissippi  country,  I 
have  endeavored  to  show  the  region  where  there  is  a  decided  prev- 
alence of  one  particular  tree  characteristic  of  the  tract.  The 
dotted  line  will  very  nearly  represent  the  southern  and  western 
limits  of  the  tract  where  the  white  pine,  Pinus  strobus^  is  the  char- 
acteristic tree.  It  is  from  the  region  north  and  east  of  this  line  that 
the  largest  quantity  of  pine  lumber  manufactured  in  Minnesota  at 
and  above  Minneapolis,  comes.  Besides  this  characteristic  tree  I  have 
identified  sixty-four  species  of  trees,  not  counting  the  shrubs  found 
growing  in  more  or  less  abundance,  in  the  region  of  country 
indicated.  In  the  following  table,  the  numbers  in  the  first  column 
are  the  numbers  in  the  preceding  list;  the  second  column  will  rep- 
resent the  comparative  abundance  of  the  trees,  taking  10,  the 
white  pine  as  being  in  the  greatest  abundance. 
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32 
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36 
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37 
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51 
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52 

39 
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42 

8 
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69 
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71 

3 

6 

72 
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73 
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3 

74 

3 

4 

75 

3 

8 

76 

10 

4 
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On  the  map  within  the  region  covered  by  the  dotted  line  I  have 
marked,  by  a  line  of  alternate  dots  and  dashes,  a  tract  of  land  on  both 
sides  of  the  Mississippi,  commencing  a  little  to  the  east  of  the 
third  guide  line  on  the  Mississippi  thence  in  a  northeasterly  direc- 
tion, thirty  or  thirty-five  miles,  having  an  average  width  of  about 
twelve  miles.  This  region  is  (|uite  level  and  flat,  so  much  so  that 
the  drainage  is  imperfect,  foraiing  extensive  swamps  of  cedar, 
tamarack,  spruce  and  balsam  fir.  Here  the  characteristic  tree  is 
the  white  cedar.  It  is  from  this  region  that  the  largest  number 
of  cedar  telegraph  poles  are  procured. 

On  the  fiood  plain  of  the  Mississippi  where  the  drainage  is 
greatest—  the  river  having  a  channel  in  the  soft  spongy  soil,  to  a 
depth  of  6  to  14  or  16  feet,  and  pursuing  a  very  torturous  coui"se — 
there  is  a  thrifty  growth  of  oaks,  elms,  bass,  maple,  ash,  &c. 

The  plain  line  will  very  nearly  approximate  to  the  western  and 
southern  limits  of  the  pines.  There  are  occasionally  pines  seen  in 
small  groves  or  single  trees  south  and  west  of  this  line,  but  they 
are  exceptions.  The  characteristic  tree  between  this  line  and  the 
plain  line,  is  the  black  pine,  Pinus  banksiann:  the  number 
of  species  is  about  the  same  as  in  the  first  region,  but  their  lela- 
tive  abundance  as  well  as  their  developement,  total  amounts 
and  thrif  tinesa  of  growth  are  different,  the  geology  of  the  country  is 
less  favorable  to  them.  The  soil,  except  in  a  few  limited  areas,  is 
sandy,  the  growth  of  trees,  as  well  as  of^the  phaenogamous  plants 
and  grasses,  less  rank. 

There  are  several  tracts  of  limited  extent  in  this  belt  that 
partake  of  the  same  geological  features  found  in  the  first  region, 
and  the  characteristic  trees,  the  relative  abundance  and  develope- 
ment agree  correspondingly.  The  largest  areas  of  this  character 
are  found  about  the  source  of  the  Otter  Tail  River.  The  other 
and  larger,  south  of  the  Crow  Wing  River  and  west  of  the  Mississ- 
ippi, includes  the  Little  Elk  River  and  a  part  of  the  Long  Prairie 
River. 

The  following  table  will  very  nearly  represent  the  relative  dis- 
tribution of  trees  in  the  second  region : 
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72 

16 

26 

36 

3 

46 

8 

63 

2 

73 

17 

8 

27 

4 

»7 

3 

47 

4 

64 

2 

74 

18 

3 

38 

4 

48 

2 

66 

5 

75 

19 

2 

2 

39 

2 

49 

5 

66 

1 

76 

20 

4 

30 

40 

3 

50 

3 

67 

2 

West  and  south  of  the  plain  line  commeDces  the  belt  of  de- 
ciduous hard  woods,  mostly  covered  by  dense  heavy  timber,  with 
some  small  prairies  interspersed.  The  western  and  southwestern 
limits  of  this  tract  I  have  indicated  by  a  line  of  dashes  separated 
by  two  dots,  and  it  may  be  taken  the  commencement  of  the  great 
prairie  re^ons,  the  prairies  prevailing  with  small  groves  of  timber 
interspersed  on  its  eastern  borders. 

The  following  is  u  list  of  the  trees  noted  in  this  belt  on  the 
road  east  of  the  White  Earth  Agency: 


1  i    9  I     10  '    9  I 
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50 
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.53 
61 
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1.    Zanthorhi/u  apii folia.  L'Her 


S.     VitU  cotdifblia.  Michi. 

3.    Ampeloptiis  qumquefolU,  Hichx. 


4.    Ceanothua  araericanue,  L. 


0.    Celaotnin  gcandens,  L. 


7.    Amorpha  fnicticosB,  L. 


rr 


STATE  GEOLOGIST.  207 

B.  "       canescens,  Nutt. 

9.  Spinea  salicifolia. 

Saxifragaceu^, 

10.  Ribes  cynosbati.  L. 


11. 

'*    hirtellnni,  Michx. 

12.       ' 

''    rotandifoliumt  Michx. 

13. 

'*    profltratum,  L'Hcr. 

14. 

'*    floridum,  L. 

15. 

'*    rubrum,  L. 

Covnacfie. 


16.  CornuB  caiuulenHMf  L. 

17.  **      drcinata,  L'Her. 

18.  **      sericea,  L. 

19.  '*      8tolonifeni,  Michx. 

20.  *'      altemitblia,  L. 

Caprifollariti. 

21     S>iuphom*arpiis  racemosiis,  Michx. 

22.  '*  vulgHri«.  Michx. 

23.  Lonicera  grata,  Ait. 

24.  **        parvifloru,  Lam. 

25.  Diervillu  triiida,  Mcench. 

Ericaceae. 

26.  GaylusKaria  diiinoHa.  Torr  A:  Gray. 

27.  **  rwinosa.  Ton-  k  Gray. 

28.  Vaocinium  oxycoccun.  L. 

29.  **        maci'ocarpt).  Ait. 

30.  '*        penniiylvanicuni,  Lam. 
81.    ArotoBtaphyloH  uvaur8i,  Spreng. 

This  short  and  imperfpct  list  ik  given  in  the  hop«)  that  another  scadon  1  shall 
luve  both  time  and  means  to  extend  the  list. 

PlIiGNOGAMOUK  PL.VNT8    IDKNTIFrKD. 

Raniutculaceir. 

1.  Anemone  patens,  L. 

2.  **       parviflora,  Michx. 
8.  '*       cylindrica,  Gray. 
4.           '^        virginiana,  L. 

6.  "       pennsylyanica.  L. 
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7.  **        nemorosa,  L. 

8.  Hepatica  triloba,  Chaix. 

9.  RanuncaluK  rhomboideus,  Goldie. 

10.  "  reciiurvatus.  Poir. 

11.  **  pennsylvanicus,  L. 

12.  **  repens,  L. 

13.  ••  acris,  L. 

14.  Caltha  palnstris,  L. 

15.  Aquilegia  canadensis,  L. 

16.  Delphinium  exaltatum,  Ait. 

17.  '*        azureum,  Michx. 

18.  AcUea  spicata,  L. 

19.  *'      alba,  Bigel, 

Berhendaceof . 

20.  Caulophylluiu  thalidroideK,  Michx. 

Nymphactm. 

21.  Nymphwa,  odorata,  Ait. 

22.  Nuphar  advena.  Ait. 

Sarraceniaceie. 

23.  SaiTacenia  purpurea,  L. 

Fumariacem. 

24.  Corydalis  flavula,  Pursh. 

Crueiferas, 

25.  Nasturtium  ^inuatum,  Nutt. 

26.  Arabia  canadennis.  L. 

27.  perfoliata.  Lam. 

28.  *'        drummondi,  Gray. 

29.  Barbarea  vulf^aris,  R.  Br. 

30.  £ry8inum  cheiranthoides,  L. 

31.  Lepidium  intermedium,  Gray. 


Resedacfie 

32. 

Viola  rotundifola,  Michx. 

38. 

-    blanda,  Willd. 

34. 

**    Kelkirkii,  Pursh. 

35. 

''    cucullata,  Ait. 

36. 

*'    pubescens,  Ait. 

37. 

*    tricolor,  L. 
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Cistaceif. 


38.  Helianthemum  canadense,  Michx. 

Htfpericacew. 

39.  Hypericum  ellipticuiii.  Hook. 

Canfophyllacew^ 

40.  Silene  nivoa,  I)  C. 

40.    Arenaria  lateriflora.  L. 

42.  Cerastiiim  nutans,  L. 

43.  *'        arvense,  L. 

Portal  a  cacete. 

44.  Portulaca  rt^tuna.  englni. 

45.  Linum  sulcatum,  Riddell. 

Geraniacetf*. 

46.  Geranium  maculatum,  L. 

47.  *'        pusillum,  L. 

48.  Impatient  fulva,  Nutt. 

49.  Oxalis  violacea,  L. 

50.  **      Htricta. 


Poly  gal  acea. 


51.  Polygala  sanguinea,  L. 

52.  **  senega,  L. 


Leyuniiiwsae. 


53.  Lupinus  perenuin,  L. 

54.  Trifolium  repens,  L. 

55.  Psoralea  argophylla,  Pursli. 

56.  Petalostemon  violaceus,  Michx. 

57.  **  candiduB,  Michx. 

58.  Atitragalus  caryocarpus,  Ker. 
58  **  canadensis,  L. 

60.  **  cooperi,  Gray. 

61.  Desmodium  acuminatum,  D  C. 

62.  '*  rotundifolium,  D  C. 

68*  *^         cuspidatum,  Torr  and  Gray. 

64.  '*         paniculatum,  D  C. 
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65.  Vicia  americana,  Muhl. 

66.  '*    caroliniana,  Wait. 

67.  Lathyrus  venosos,  Muhl. 

68.  **        ochroleucus,  Hook. 

69.  **        palustris,  L. 

70.  Apiosa  tuberoea,,  Moench. 

71.  Phaseolus  perennis,  Walt. 

72.  "        paucflorus,  Benth. 

73.  Baptisia  leucantha,  Torr  and  Gray. 

Roaacecie 


74, 

Agrimonia  eupatoria,  L. 

75. 

Geum  strictum,  Ait. 

76. 

**     rivale.  L. 

77. 

G.  triflourm,  Pursh. 

78. 

Potentilla  norvegica,  L. 

79. 

**        arguta,  Pursh. 

80. 

*'        anserina,  L. 

81. 

*'        tridentata,  Ait. 

82. 

Fragaria  virgininia  Ehrhart. 

83. 

**      vesca.  L. 

84. 

Rubus,  triflorus, Richardson. 

85. 

*'       strigosus,  Michx. 

86. 

**       occiden talis,  L. 

87. 

villosus,  Ait. 

88. 

**       canadensis  y  L. 

89. 

**       hispidus,  L. 

90. 

*'        cuneifolius. 

91. 

Rosa  lucida  £hrhart. 

92. 

**    blanda,  Ait. 

93. 

Pamassia  Carolina,  Michx. 

94. 

Heuchera  hispida.  Pursh. 

Crassulaceae. 

95.  Penthorum  sedoides,  L. 

96.  Tillsea  simplex,  Nutt. 


Hulorageae. 


97.    Hippuris,  ? 


Onagraceae. 


98.  Epilobium  angustifolum. 

99.  Oenothera  biennis,  L. 

100.  *'       fruticosa,  L. 

101.  *'        riparia,  Nutt. 

102.  **        pumila,  L. 

103.  '*        serrulata,  Null. 
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Lifthraceae. 


104.    Lythnini  alatiini,  Puresh. 

Cucai'hitacew. 

lOo.     Echinot'y^itis  lolintti.  Ton-  iin«l  Gray. 

■"  CmbcJIiff^rie. 

106.  Sanicula  niarihmdk-ti.  Is. 

107.  Heraclpuin  Innatum,  Michx. 

108.  Aruhemora  rigi (l;i .  I )  C . 

109.  Coniotieliniiin  canatlfiisp,  Toit  and  Gniy. 

110.  Tliaspiuni  luirbinodp,  Nutt. 
HI.  '•         aureiim,  Nutt. 
112.          ••         trifoliatiiiii. 

118.    Ciouta  niaonlata,  L. 

114.  Cryptata»nia  canadPTisis.  D  C. 

Ai'aliacete. 

115.  Aniliii  raiemona.  L. 

116.  "     iiudicaiilis,  L. 

117.  *•     qnmr|U»'folia. 

Rubiac^fe. 

118.  Galium  a^piflluui,  Mi<-li.\. 

119.  **        trihdujn.  L. 

120.  ••  '     lioii'ale,  L. 

121.  Mitohella  repMis.  L. 

CohipoKitit.. 

122.  Liatris  t'li'^au-.  WiJId. 

123.  **        squarosa,  Willd. 

124.  "        (.'yliiidnicea,  Michx. 

125.  Eui>atonuin  porpureum.  L. 

126.  '*         p(*ifo1  latum,  L. 

127.  •*         affi*ratoidps,  L. 

128.  Ast^T  mairophylluK,  L. 

129.  **  RericPUK,  Vent. 
129K  "  patpus,  .\it. 

130.  "  simplex. 

131.  •*  iiova^-bplgae. 

132.  •*  ptiimiicoides,  Torr  and  Gray. 

133.  Erigeron  philadelphicuni,  L. 

134.  *'        strigosum,  Muhl. 

185.  •*        var  integrifolium.  Bi'gel. 
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'2    SoU(la(^  >«^rotiiiu.  Ait. 
ChryaopsiH  villoiui,  Nutt. 
Plucheu  ftftidH.  D  C. 
Hi'liopHiR  Itevif. 
Echinacea  {V) 
Rudbeckia  hirta.  T.. 
Helianthua  traclieliifoliuB,  WillJ. 

doraneixiideg.  Lam, 
Conx>i>><iB  luduiata.  Nutt. 
Hi'lcnium  anhiiiniile,  L. 

MlV"til '--iliil:'.  i'C, 
Achillt-a  millproliuin,  L. 
Leucantlifrouin  vul^re.  Lam. 
Tanacetiim  huronense,  Nutt. 
Artemisiu  caiiiul<>iigi',  Miclix. 

'■        boroftlifl  Pullas. 
Seiiecio  lobiitiiB  Pera. 

inirc*u*.  L, 
Circiuni,  two  or  thrf*  spix-ie!'. 
Krigia  virginica.  WilM. 
CjTithia  rirjrinkii.  Don. 


Lolfclta  Hyphilitii'a.  1.. 
Kiilmii,  L. 


Campanula  rotiuidifolia,  L. 
Campanula  upariiioidee  Purth. 

Pjrola  ratuii.lifolm,  L.  2  var. 
■'       elliptica,  Kutt. 

chlorantha,  Kwai'tz. 
Chimaphilla  umlH-llata.  Nutt. 


lit  tbyrsiflora,  L. 
fltri'.'ta.  Ait. 
dlialii.  L, 
lunteolatii.  Walt, 
loiitrilbliu,  Piirsli. 


Vfrl)asi-um  tbapsus.  I,, 
Linarin  vulKanH.  Spviig. 

lUUM.  Mill. 


STATE  GEOLOGIST.  213 


174.  Scrophulariu  nodosa,  L. 

175.  Pentfltemon  pubcHceiiR,  Solande. 

176.  '"  granditiorus,  Fraser. 
177..  MiiuuluK  ringt'ns.  L. 

178.  ••        jainesijf  Tow. 

179.  Miciunthennin  nuttallii.  Xut. 

180.  Veronica  virginica,  L. 

181.  Gerardia  aspera.  Don^l. 

182.  '•        teniiifolia  Vahl. 

183.  **        setawa,  Walt. 

184.  Castilleia  coct'inea,*Spreni|C. 

185.  **         sessiliHora.  Piirsh. 

186.  Pedicularijj  canadensis,  L. 


VerhetHit'ew 


187.  Verbena  haHtuta.  L. 

188.  '•       urticifolia,  L. 

189.  V.  bnicteosa,  Michx. 

190.  Phryma  leptostachia,  L. 


Labia  tip. 


191.  Mentha  eanadtmRis,  L. 

192.  Lycopus  europa'us,  h. 

193.  Hedcoma  piiIe^^ioidoK  Pers. 

194.  **         hispida  Purnh. 

195.  MonardafiKtulosa.  L. 

196.  LophanthuH  anisatiis,  Benth. 

197.  Brunella  vulgaris.  L. 

198.  Scutellaria  parviila,  Milchx. 

199.  **         galericulata.  L. 

200.  **         lateriflora,  L. 

201.  Stachys  cordata.  Rid. 

Boraginacete. 

202.  Lithospermum  ctincscens.  lA'hm. 
203  **  longiflorum,  Spreng. 
204.  CynoglosFum  niorisoui  D  C. 


Polemoviareif, 


205.  Phlox  glaberrinia,  \m. 

206.  **     pilosa.  L. 


ConvohuUicea- 


207.    Ipoxnoea  lacunosa,  L.' 
906.        '*        pandurata,  MeyiM-. 
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Solanaceof. 

209.  Physalis  grandiflora,  Hook. 

210.  **      visoosa,  L. 

Gentianaceas, 

211.  Gentiana  crinita,  L. 

212.  •*       detonsa  Fries. 

213.  **       (^uinqueflora,  Lam. 

214.  '*       andrewflii  Grisb. 

Apocynaceae, 

215.  Apocynum  androssemiflolium,  L. 

216.  '*  oanabinnm,  L. 

AficJepiadaceae. 

217.  A8clepia8  comuti  DecainK. 

218.  '*        purpurascens,  L. 

219.  variegata,  L. 

220.  "        perennis,  Walt.  • 

221.  *'       tuberofta,  L. 

222.  .\ cerates  longifolia,  Ell. 

Nyctag'maceae, 

223.  Oxybaphiis  nycta^neous  Swet. 

PhtffoUiccaceae. 

224.  Phytolacca  decandra,  L. 

Chenopodiaceae. 

225.  Chenopodium  album,  L. 

PoJygonaceae, 

226.  Polygonum  persicaria,  L. 

227.  **  hydropiper,  L. 

228.  '"  aviculare,  L. 

229.  "  convolvulus,  L. 

230.  cilinode,  Michx. 

231.  Rumex  britanica,  L. 

232.  '*       vertieellatus,  L. 

233.  ''       aceiosella.  L. 

TJrticaceat, 

234.  Urtica  gracilis,  Ait. 
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-235.        "      dioica. 

2H6.    Laportea  canadensis  Gaud. 

231,    Hamulus  UipnluH,  L. 


ArcKeae. 


238.  Arlsuf^niii  triphyllum. 

239.  Acorus  ealaniua,  L. 


Ti/ph(tceae. 


^0.    Typhu  latilblia. 

A  li.smai't'ae. 

241.  S.igittana  variabilis,  Englui. 

Orrhidaceae. 

242.  Cyprii)edium  candidnra,  Muhl. 

243.  *•  parviflonim  Salest. 

244.  **  ai>ectaldle  Swartz. 

A  warijUidarcae. 

245.  Hypox3's  erecta,  L. 

Iridaceae. 

246.  Iris  versicolor,  L. 

247.  Sinyrinchium  bennudianum,  L. 

Lillaceae. 

248.  Trillium  grandiflonnn  Salest. 

249.  *'       cemuum,  L. 
2M.    Zygadenus  glaucus  Nutt. 

251.  Smilacina  bifolia  Ker. 

252.  Polygonatnm  biflorum. 

253.  **  giganteum. 

254.  lilium  philadelphicnm,  L. 

255.  **        canadenso,  L. 

256.  **        sup«*rinim,  L. 

257.  Allium  tricoccum,  ait. 

258.  *'        sclufnoprasum,  L. 

Juncaveae, 
Three  or  four  species. 

15 
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Comtnelynaceae. 

259.    Trailescantia  virginica,  L. 

Besides  the  foregoing  list  of  phaenogamous  plants,  I  have  partly 
identified  about  eighty  species  of  others;  also  collected  and  num- 
bered fifteen  or  twenty  species  of  ferns,  sixty  or  seventy  of  grasses 
and  forty  or  fifty  of  sedges,  but  I  am  not  yet  prepared  to  affirm 
that  the  identifications  can  be  relied  upon  as  correct.  The  limited 
time  and  means  at  my  disposal  have  not  permitted  a  satisfactory 
study  of  them.  One  or  two  seasons'  residence  at  Itaska  lake,  and 
the  time  wholly  devoted  to  collecting  and  identifying,  would 
hardly  give  a  satisfactory  list  of  all  the  different  classes,  to  say 
nothing  of  the  entomology  and  ornithology  of  the  region. 

Very  respectfully, 

0.  E.  GARRISON. 

Topoffraphy. 

The  area  comprehended  in  the  examination  is  embraced  between 
townships  130  and  147,  inclusive,  of  ranges  26  to  40,  inclusive, 
west  of  the  5th  meridiem,  and  townships  41  to  58,  inclusive,  of 
ranges  22  to  27,  inclusive,  west  of  the  4th  meridian,  or  approxi- 
mately between  latitudes  46®  and  47®  42  min.  north,  and  longi- 
tude 93®  10  min.  and  95®  15  min.  west  from  Greenwich,  or  one 
hundred  and  twenty-six  by  one  hundred  and  eight  miles.  In  this 
rectangle,  covering  an  area  not  far  from  thirteen  thousand  six 
hundred  square  miles,  barely  one  thousand  five  hundred  square 
miles  were  visited  by  me  during  the  two  months  occupied  in  the 
explorations  of  the  past  summer,  the  limited  time  and  means  at 
my  disposal  not  allowing  of  a  more  extended  and  satisfactory  ex- 
amination. However,  excepting  a  strip  of  about  40  miles  wide,  on 
the  west  side,  south  of  the  line  between  towns  139  and  140,  com- 
prising the  country  of  Ottertail  lake  and  river,  and  that  part  of 
the  west  side  north  of  the  line  between  towns  141  and  142,  about 
30  miles  wide,  together  with  two  small  areas  on  the  northern  and 
eastern  portions  represented  on  the  map,  viz:  the  Bigfork  river  and 
Bowstring  lake,  with  the  three  or  four  townships  adjacent,  and  the 
Swan  river  region,  there  is  but  a  small  part  of  the  whole  area 
which  I  have  not  visited  and  taken  notes  on  some  time  subsequent 
to  the  A.  D.  1856,  either  as  U.  S.  deput}'  surveyor  or  in  exploring 
for  pine  land  in  the  interest  of  lumber  dealers. 

The  district  here  brought  under  our  notice  includes  portions  of 
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the  great  drainage  areas,  where  the  chief  rivers  of  the  continent 
find  their  sources.  These  are  the  Mississippi,  the  Red  river  of  the 
North,  with  a  main  branch  of  the  Rainy  Lake  river.  The  first  is 
east  and  south  of  the  great  water  shed,  whose  waters  flow  into  tlie 
Gnlf  of  Mexico,  while  the  other  two  are  portions  of  the  widely  ex- 
tended area  whose  waters  are  drained  into  Hudson's  bay;  while  iiie 
eastern  boundary  very  nearly  follows  the  divide  from  which  tlie 
waters  flow  east  into  the  St.  Louis  river  and  finally  into  the  Atlan- 
tic, through  the  great  lakes  and  the  Gulf  of  St.  Lawrence. 

The  area  of  the  Big  fork  of  the  Rainy  Lake  river  is  of  compar- 
atively limited  extent,  on  the  northern  part  of  the  rectangle,  and 
near  its  eastern  end.  The  Red  river  area  is  quite  regular  in  out- 
line, though  the  streams  flow  in  widely  diffV»rent  directions,  its 
upper  or  northern  portion  is  the  broadest,  its  waters  draining  north 
and  west,  while  the  middle  and  southern  portion  drain  to  the  south 
and  west. 

Of  the  great  Mississippi  area,  which  takes  up  more  than  thr*  e- 
fourths  of  the  rectangle,  the  waters  flow  in  every  conceivable 
direction.  The  outline  of  this  area  may  be  roughly  stated  as  a  cir- 
cle with  an  irregular  or  crooked  circumference,  having  a  radius  of 
fifty  miles,  taking  that  part  of  the  Misisissippi  Ijelow  the  mouth  of 
Crow  Wing  river,  thence  to  the  mouth  of  the  Little  Elk,  as  a  sec- 
tion of  this  radius,  protract  this  line  nearly  due  north,  and  it  will 
cross  Leech  lake  passing  a  little  to  the  west  of  Lake  Winnebigosis 
Bisect  this  line  and  from  the  point  thus  found,  draw  a  line  at 
right  angles  both  east  and  west,  extend  each  fifty  miles,  and  we 
have  the  two  diameters  of  the  circle.  The  Mississippi  river  will 
then  be  comprehended  in  this  circle  with  nearly  all  its  feeders  above 
Little  Falls;  while  the  channel  of  the  Mississipj)i  with  a  radius  of 
about  forty  miles,  will  form  nearly  three-fourths  of  its  circum- 
ference. Within  this  great  circle  are  found  several  smaller  cir- 
cles  within  which  the  rivers  and  brooks  converge  to  a  point  of 
outlet.  Each  small  circle  contains  a  cluster  of  lakes,  some  having 
a  few  large  lakes,  as  that  one  in  which  is  found  Leech  lake,  and  the 
one  containing  Gull,  Pelican  and  Long  lakes;  the  others  have  many 
small  lakes.  In  the  rectangle  represented  on  the  plate  are  seon 
seven  large  clusters,  in  all  of  which  the  water  converges  to  on*> 
outlet,  and  two  large  and  one  smaller  cluster  from  which  the  wa- 
ters flow  in  opposite  directions.  These  last  will  be  found  in  Gull 
lake,  whose  waters  drain  south,  and  Pelican  Lake  whose  waters  run 
north,  and  the  cluster  northwest  of  Mille  Lacs  lake,  where  the 
waters  drain  north  and  northeast  through  Mud  river  and  southwest 
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by  the  Noaka  river.  The  small  cluster  is  seen  to  the  west  of  the 
southern  part  of  Mille  Lacs,  where  the  water  drains  east  to  that 
large  lake  and  west  by  the  Platte  river.  A  study  of  this  area  gives 
the  impression  of  one  large  basin  enclosing  many  smaller  ones. 

The  Divides. 

The  main  divide  coming  on  this  sheet,  is  the  one  separating 
the  waters  of  the  Mississippi  from  those  of  the  Red  river  of  the 
North.  Beginning  at  the  northern  limits  of  the  State  near  the 
line  of  ranges  36  and  37  of  the  5th  mer.,  township  147  N.,  the 
trend  is  a  little  to  the  east  of  south  to  the  head  of  upper  lied  lake; 
thence  it  bends  to  the  west  of  south — nearly  southwest,  but  with 
an  irregular  line,  to  a  point  to  the  east  about  two  miles  from  the 
north  end  of  Many  Point  lake,  whence  its  course  is  nearly  due 
south  12  or  15  miles,  to  near  Toad  lake,  whence  it  bears  off  a  little 
to  the  east.  A  high  hill  is  visible  for  many  miles,  and  the  divide 
assumes  a  broad  table-like  expanse.  From  here  the  divide  has  a 
general  south  trend  for  twenty  or  twenty-five  miles,  and  is  cross- 
ed by  the  Northern  Pacific  railroad  in  the  vicinity  of  New  York 
mills;  here  it  takes  a  bend  to  the  southwest,  and  passes  between 
the  Leaf  lakes  and  Otter  Tail  lakes  where  it  is  about  eighty  feet 
above  the  surface  of  the  fourth  lake  of  the  series  in  the  old  route 
from  the  Crow  Wing  river  by  way  of  Leaf  lakes  and  river.  This 
hight  of  land  is  as  mentioned  by  Prof.  D.  D.  Owen  in  his  narra- 
tive. The  only  place  where  I  have  had  an  opportunity  to  meas- 
ure the  hight  of  this  line  of  divide,  was  where  the  Leech  lake  and 
White  Earth  road  crosses  near  the  southern  part  of  township  141, 
N.  R.  38,  W.  5th  mer.,  where  I  found  it  to  be  1470  feet  above  the 
sea  and  75  feet  above  the  surface  of  the  water  in  a  small  lake  south 
of  the  road.  Within  the  hills  forming  the  divide  is  the  outlet  of 
the  lake  flowing  to  the  west  into  the  Otter  Tail  or  Red  river. 
Only  small  portions  of  the  other  main  divides  come  within  the 
limits  of  this  sheet.  That  part  of  the  northern  range  of  hills  that 
separates  Lake  Winnebigosis  from  Bowstring  lake  and  Big  Fork 
river  comes  within  our  limits  near  the  northeast  corner  of  town 
147  N.  range  27  west,  5th  mer.  and  bears  nearly  southeast,  pass- 
ing a  short  distance  from  the  Bowstring  lake  to  near  the  range 
line  between  ranges  25  and  26  of  town  146,  N.  5th  mer.,  where  it 
bends  to  the  east  and  the  Third  guide  meridian  crosses  it  a  little 
north  of  the  northwest  corner  in  township  57,  nortn  4th  mer., 
whence  it  bears  a  little  to  the  south  of  east  for  about  six  miles 
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when  the  trend  takes  a  sudd<lon  bond  at  nearly  a  ri^ht  anjg^le  and 
leaves  the  limits  of  the  map  near  the  middle  of  the  north  boundary 
of  town  58,  N.  K.  25,  west  of  the  4t:h  mer.  This  portion  of  the 
great  water  shed  dividing  the  waters  flowing  into  Hudson's  bay 
from  those  flowing  into  tlie  (hilf  of  Mexico  is  said  to  be  low,  sel- 
dom rising  in  the  form  of  a  ridge,  and  at  the  trend  near  the  scmth- 
east  end  of  Bowstring  lake  in  a  swump  only  a  foot  or  two  above 
the  surface  of  the  lake.  It  is  also  said  thiit  ))y  building  a  dam  at 
a  favorable  place  at  the  outlet  of  Bowstring  lake,  the  waters  could 
readily  be  made  to  flow  to  the  south  into  a  tributary  of  the  Win- 
nebigosis  lake.  I  am  not  prepare<l  to  atKrm  this  from  personal 
inspection,  but  Mr.  J.  P.  Hinchellwood,  the  U.  S.  deputy  who  survey- 
ed the  townshipi^  around  the  lake  so  rt  j)orts.  The  divide  on  the  east 
I  have  not  seen,  but  it  is  reported  to  be  high  and  broken,  some  of 
the  hills  on  the  trail  or  carry,  from  the  head  of  West  Savanna 
to  the  East  Savanna  river,  by  barrometer  measurement,  being 
over  139  feet  above  the  waters  of  Sandy  lake.  In  all  this  region 
there  is  no  hill  approaehiug  to  a  mountain.  The  recorded  high- 
est point  I  have  seen  being  only  1960  feet. 

Subordiwafe  di rides.  The  area  eonijjrised  within  the  circle 
where  streams  are  all  feeders  to  the  Mississippi;  may  with  propriety 
be  described  as  a  large  basin  within  whicli  are  many  small  basins- 
Most  of  these  subordinate  basins  have  a  drainage  of  their  own,  and 
are  readily  distinguished  by  the  clusters  of  lakes  seen  on  the  maps. 

Having  never  se(»n  any  records  of  the  bights  of  these,  an<l  no 
opportunity  to  measure  any  of  them  save  in  a  few  localities  having 
presented.  I  must  perforce  content  myself  by  calling  attention  to 
this  peculiarity  in  the  hopes  that  sj>me  time  hereafter  an  oppor- 
tunity may  occur  to  study  it  in  the  field. 

The  Strecuns. 

The  streams  are  !>o  numerous  tluit  only  a  few  can  be  noticed 
here. 

The  Missisftippi.  The  most  inipr)rtant  of  all,  having  its  source 
within  this  district,  merits  a  far  more  extended  notice  than  T  am 
able  to  give  from  the  hasty  and  short  time  expended  in  its  exi;mi- 
nation.  It  takes  the  name  Mississippi  o2ily  after  its  debouch 
from  Itasca  lake.  There  are  several  streams  entering  the  lake 
which  have  disputed  the  right  to  be  the  extreme  source.  The  one 
adopted  by  Nicollet  and  in  the  preceding  narrative  is  the  largest 
feeder  to  the  lake  and  should  have  the  name.  The  lake  is  a  little  over 
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three  miles  long,  north  and  south,  shaped  some  like  a  letter  U 
with  a  projection  on  the  northwesterly  side  of  the  curve.  The 
widest  part  is  a  little  over  half  a  mile.  To  continue  the  de- 
scription would  only  be  repeating  what  has  been  said  in  the  narra- 
tive of  the  journey  down  the  river. 

Crow  Wing  River.  Of  the  tributaries  to  the  Mississippi,  the  Crow 
Wing  is  the  most  considerable  within  the  limits  of  the  district. 
Taking  its  rise  in  some  of  its  branches  only  a  few  miles  south  of 
Itasca  lake  it  pursues  a  general  southeast  course,  making  a  southing 
of  about  sixty  miles  and  an  easting  of  nearly  the  same.  Its  prin- 
cipal feeders  are  the  Shell,  the  Leaf  and  the  Long  Prairie,  all  of 
them  considerable  streams.  Throughout  its  whole  course  and 
that  of  all  of  its  wide  spread  branches,  exceptinjg  those  coming 
from  the  south  and  entering  the  Leaf  on  the  Crow  Wing  itself, 
the  country  is  of  a  sandy  character,  bearing  a  small  growth  of 
pines,  the  black  pine,  Pinus  banksiafia  being  the  characteristic  tree, 
with  here  and  there  a  grove  of  fair  sized  Norway  pine  mixed  with 
which  is  a  few  white  pines.  Yet  in  this  area  there  are  some  lar^e 
and  many  small  tracts  where  the  prevailing  light  sandy  soil  gives 
place  to  a  rich,  black  sandy  or  gravelly  loam. 

Pifie  Hirer  is  next  in  size  and  first  in  importance  of  the  tribu- 
taries to  the  Mississippi;  taking  its  rise  south  of  Leech  lake  and 
east  of  a  broad  stretch  of  sandy  plain,  it  has  a  general  southeaster- 
ly course,  making  about  25  miles  southing  and  26  or  27  miles  east- 
ing from  its  extreme  branches.  In  nearly  its  whole  length  it 
appears  to  form  the  dividing  line  between  the  sandy  black  pine 
planes  and  the  rolling  or  hilly  country  to  the  east  and  north,  where 
the  surface  soil  is  of  a  heavier  or  clayed  nature  with  more  boulders 
and  the  characteristic  tree  the  white  pine.  Its  principal  tribu- 
taries are  the  Dagget  brook  and  the  Little  Pine,  both  important 
streams  from  which  many  million  feet  of  pine  saw  logs  are  annu- 
ally floated  to  the  mills  of  Minneapolis  and  St.  Cloud. 

Leech  Lake  River  is  apparently  larger  than  the  Pine,  but  I  do 
not  think  that  it  carries  more  water.  The  channel  is  deep,  broad 
and  sluggish.  The  general  dip  or  inclination  of  the  surface 
throughout  this  whole  region  being  about  southeast  the  course 
of  the  river  is  at  nearly  a  right  angle  to  the  dip,  giving  to  the 
river  this  sluggish  character. 

Willow  River  has  its  source  to  the  southeast  of  Leech  lake  and 
has  a  general  course  easterly  for  about  twenty-four  miles  when  by 
a  long  curve  it  bears  to  the  south,  east,  south,  and  then  finally 
southwest  for  about  28  miles;  the  whole  of  this  distance  nearly  par- 
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allel  with  the  M^siissippi  a  gradually  uarrowing  strip  lying  between. 
In  the  first  part  of  its  course  the  country  is  hilly  or  rolling  and 
holds  some  of  the  best  pine  timbered  lands  within  the  circle  of 
which  the  Mississippi  forms  nearly  two-thirds  of  the  periphery;  and 
from  its  tributaries,  the  Moose  and  Hill  rivers,  as  many  or  more 
good  saw  logs  have  been  floated  to  the  mills  than  from  any  similar 
Area  on  the  upper  Mississippi.  Below  where  the  bend  towards 
the  south  commences  the  river  flows  through  broad  plains  with  ex- 
tensive meadows  and  swamps  of  cedar;  the  immediate  river  bot- 
toms being  covered  by  a  growth  very  similar  to  the  Mississippi  bot- 
toms. 

These  four  rivers  are  the  principal  tributaries  to  the  Mississippi 
within  the  rectangle,  and  are  wholly,  %vith  the  exception  of 
dome  of  the  upper  parts  of  the  smaller  branches  of  the  Crow 
Wing,  within  the  circular  area  of  which  the  Mississippi  is  the  ap- 
proximate periphery,  and  enter  it  from  the  right  bank.  Besides 
these  there  may  be  mentioned  the  Little  Willow,  and  the  Pokegama, 
tributaries  direct  to  the  Mississippi;  the  Shell,  the  Leaf,  tlie  Long- 
prairie,  Gull  and  Swan  Rivers,  tributaries  to  the  Crow  Wing;  all 
important  streams  carrying  much  water  and  floating  many  pine 
saw  logs  each  spring. 

The  Litth  Elk^  entering  the  Mississippi  from  the  right,  was 
noted  by  Nicollet  and  Owen  on  account  of  the  proximity  of  its 
mouth  to  some  important  geological  features,  and  is  an  imporrant 
stream  to  lumbermen. 

The  tributaries  to  the  Mississippi  coming  in  on  the  left  bank 
are  generally  smaller  than  those  on  the  right,  which  is  owing  to 
the  fact  that  the  great  water  shed  of  the  continent  is  more  nearly 
followed  in  its  curves  by  the  Mississipj)i,  as  if  in  the  great  uj)heav- 
ing  which  formed  the  divide,  a  wrinkle  was  formed  following  near 
the  summit  through  which  the  Mississippi  naturally  found  its 
bed.  I  will  mention  the  names  of  the  largest  beginning  with  the 
upper.  Turtle,  Deer,  Prairie,  Swan,  Sandy,  Rice,  Mud,  Rabbit 
I  and  Anoka.     The  Piatt,   Rum  and   Snake  Rivers  having  their 

floorce  within  the  rectangle,  are  tributaries  to  the  Mississippi, 
directly  or  indirectly. 

The  Red  River  of  the  North  receives  its  principal  water  from 
within  our  area.  Much  perplexity  has  been  occasioned  by  this 
branch  as'well  as  the  Red  Lake  River,  being  indiserirainately  called 
the  Red  River.  Owen  gives  the  width  of  the  east  branch,  by 
which  I  suppose  he  means  the  Red  Lake  River,  as  one  hundred 
«nd  twenty  feet  and  the  other  as  one  hundred  feet.     ^^The  former 
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is  the  stream  to  which  the  name  of  Red  River  properly  belongs."* 
Taking  its  rise  about  twelve  miles  to  the  west  of  Itasca  Lake,  the 
latter  has  a  general  south  course,  making  many  detours  to  the  east 
and  west,  passing  through  many  lakes  and  receiving  several  tribu- 
taries in  a  course  of  about  fifty  miles  to  Rush  Lake;  thence  it 
flows  about  southwest  to  Otter  Tail;  leaving  Otter  Tail  Lake  it 
has  a  general  north  of  west  course  and  leaves  the  district  in  town. 
134  N. 

Wild  Rice  River  has  its  rise  in  township  145  N.^  R.  36  W.,  5th 
mer.,  and  about  twelve  miles  north  of  Itasca  Lake,  whence  its. 
course  is  a  little  south  of  west,  seventy  miles,  emptying  into  Red 
River  in  township  144,  R.  49.  Having  seen  no  part  of  this  river, 
I  am  not  able  to  give  an  account  of  its  character  or  the  country 

adjoining.  A  branch  of  the  Red  Lake  River  takes  its  rise  in  a 
small  lake  in  the  northwest  corner  of  town  146,  R.  39,  and  has  a 

north  course  to  the  north  line  of  our  rectangle. 

The  Big  Fork  River  rises  to  the  north  of  our  area  and  east  of 
the  fifth  guide  meridian,  and  has  a  southwest  course  to  Bowstring 
Lake  in  township  147  N.,  R.  25  and  26  W.,  Sth  meridian.  I  have 
heretofore  at  several  times  referred  to  this  river,  and  no  more  in- 
formation can  be  given.  Owen's  report  gives  a  very  minute  ac- 
count of  this  river  and  its  rock  exposures.* 

The  East  Savanna  River^  a  branch  of  the  St.  Louis,  rises  in  a 
small  lake  in  T.  52  N.,  R.  22  W.,  4th  mer.,  and  is  described  as  a 
stream  having  a  width  of  one  hundred  and  fifty  to  two  hundred 
yards,  overgrown  with  rushes,  except  a  channel  fifteen  or  twenty 
feet  wide  in  the  middle.  The  river  has  only  eight  or  ten  milea 
length  within  our  area. 

LuznberinfiT  Resouroes. 

In  the  estimate  of  the  amount  of  pine  timber  suitable  for  manu- 
facturing, standing  at  this  date,  I  take  it  that  there  is  an  equivalent 
to  forty  townships,  on  each  forty  acre  tract  of  which  there  are 
260,000  feet  of  pine  standing.  This  is  taken  after  a  careful  exam- 
ination of  all  the  data  I  have  been  able  to  collect,  and  if  correct, 
then  we  shall  have  5,760,000,000  feet.  This  includes  about  one 
township  out  of  every  nine  within  our  district,  all  of  which  'are 
within  the  area  where  drainage  goes  into  the  Mississippi  rivei.  It 
also  includes  the  several  Indian  reservations,  on  which  are  many 
millions  of  feet  of  excellent  pine,  and  a  tract  on  the  Big  Fork  riv 

^Owen's  Geological  Survey  of  Wisconsin,  Iowa  and  Minnesota.    1862,  page  176. 
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er,  whose  waters  are  yiotr  drained  into  the  Rainy  Lake  river;  but  it 
seems  from  the  facts  obtaijied,  the  two  hundred  and  fifty  or  throe 
hundred  million  feet  on  that  stream,  Bowstring  lake  and  the  tribu- 
taries thereto,  may  be  floated  down  the  Mississippi.  Many  of  the 
Indians  and  half  breeds  interested  in  the  Viirious  reservations  are 
beginning  to  realize  the  fact  that  in  this  pine  timber  on  the  n*ser- 
vations  they  have  a  mine  of  wealth,  and  all  will  be  made  available 
to  manufacturers. 

How  long  the  timber  now  standing  and  available  will  last  is  a 
question  often  asked,  and  it  is  a  question  of  interest,  not  to  the 
rising  generation  only,  but  to  the  present,  lus  in  a  few  years — at 
most  within  twenty-five — at  the  })resent  rato  of  destruction,  with 
no  more  effort  than  is  now  used  to  arrest  useless  wjtste  or  to  re- 
new the  growth,  will  see  an  end  of  lumbering  on  the  upper  Mis- 
sissippi. To  demonstrate  this  will  reipiire  only  a  little  reflection 
and  a  few  figures.  There  was  manufactured  at  and  above  Minne- 
apolis during  the  years  1875  to  1879,  inclusive,  887,087,685  feet  of 
lumber,  being  a  mean  of  173,^^07,737  feet  per  year.  It  is  but  a 
fair  estimate  that  there  is  as  much  more  destroyed  by  fires,  stonns, 
natural  decay  sind  useless  waste  in  the  forest  by  careless  handlings 
On  the  other  hand  there  is  an  increase  by  the  annual  growth  of 
trees  now  too  small  for  saw  logs.  From  a  great  many  measure- 
ments of  the  growth,  I  have  found  that  a  tree  that  in,  say  1865,. 
measured  twelve  inches  in  diameter,  in  1879  measured  twenty 
inches  in  diameter,  an  increase  of  eight  inches  in  fourteen  years. 
This  may  be  considered  as  a  fair  average  of  the  growth  of  pine  in 
the  upper  Mississij)pi  region,  and  an  estimate  of  08,000,00^)  as  the- 
annual  increase  by  natural  growth.  Now  if  we  add  the  excess  of 
loss  by  causes  above  mentioned,  amounting  to  115,000,000  feet,  to 
the  annual  consumption,  we  have  a  total  of  over  288,000,000  feet 
as  the  annual  consumption  and  loss.  Then  divide  the  five  hun- 
dred and  seventy-six  millions  by  the  two  hundred  and  eighty-eight 
millions  and  it  gives  an  even  20  years  as  the  time  within  which 
lumbering  will  cease  to  be  a  profitable  business  from  the  pineries 
on  the  upper  Mississippi,  unless  some  means  are  provided  to 
prevent  the  annual  consumption  and  waste. 


!221  AKJNTUAL  REPORT. 


VIII. 


THE  HYDROLOGY  OF  MINNESOTA. 


A  REPORT  OF  PROGRESS  BY  C.  K.  TERRY. 


Any  attempt  to  discuss  the  hydrographical  system  of  any  por- 
tion of  the  earth's  surface  should  begin  with  the  rainfall,  because 
as  has  been  said  by  a  distinguished  scientist,  the  true  sources  of 
our  rivers  is  in  the  air. 

The  condensation  of  watery  vapor  in  the  atmosphere  causes 
rain  and  the  rain  supplies  our  lakes  and  streams  and  springs  and 
wells  with  all  the  water  they  contain. 

Every  drop  of  water  even  in  the  deepest  well  once  floated  as  in- 
visible vapor  in  the  sunlit  air  and  falling  from  thence  onto  the 
earth's  surface  \vith  other  drops,  it  percolated  down  through  the 
soil,  through  loam,  and  sand,  and  gravel;  through  rock  crevices  and 
subterranean  channels,  until,  at  last  the  necessities  of  man  found 
it  in  its  prison,  and  raised  once  more  to  the  light. 

Every  particle  of  water  which  the  Mississippi  bears  to  the  sea 
has  come  from  the  clouds. 

Every  lake  which  mirrors  the  sky  and  reflects  its  light  is  like  a 
ijhild  looking  up  into  the  face  of  its  mother,  for  no  lake  could  ex- 
ist but  for  the  clouds  and  the  rain. 

The  average  annual  rainfall  of  a  place  is  therefore  a  matter  of 
the  utmost  practical  importance.  If  it  should  be  cut  ofi^  or  mate- 
rially diminished  the  most  serious  consequences  would  ensue.  Riv- 
ers would  shrink  to  mere  brooks  or  cease  to  flow,  water  powers 
would  become  valueless,  mills  would  be  idle,  crops  would  fail,  and 
the  country  would  become  an  uninhabitable  desert. 

But  the  26  inches  of  water  which  annually  falls  over  the  great- 
er part  of  Minnesota  makes  it  anything  but  a  desert.    A  glance  at 
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the  hydrographieal  map  shows  what  a  vast  and  complicated 
net-work  of  lakes  and  rivers  is  required  to  carry  oli*  even  a  part  of 
this  preciptation. 

Few  persons  stop  to  consider  or  attempt  to  realize  the  vast 
amount  of  water  represents  ]>y  an  annual  rainfall  of  26  inches. 

It  may  help  the  imagination  to  obtain  a  more  distinct  concep- 
tion of  this  fact  if  I  quote  right  here  a  few  words  from  a  lecture 
by  Prof.  Huxley,  on  Rain  and  Dew. 

"What  does  a  meteorologist  mean  when  he  says  that  the  annual 
rainfall  is  about  26  inches?  Bv  such  a  statement  he  means  sim- 
ply  that  if  all  the  rain  whicli  falls  on  any  level  peice  of  ground 
during  an  average  year  could  l>e  collected,  none  being  lost  by  dry- 
ing up,  none  running  oft'  the  soil,  and  none  soaking  into  it,  then 
at  the  end  of  the  year  it  would  form  a  layer  covering  the  ground, 
to  the  depth  of  26  inches.  The  year's  accumulation  of  rain  would 
thus  form  a  vastness  of  water.  Rememl^ering  that  an  inch  of 
rain  represents  about  100  tons  of  water  to  the  acre,  it  will  be 
found  that  every  acre  receives  during  the  year  not  less  than  2,600 
tons  of  water." 

Rainfall    at   Minneapolis  from  records  of   Mr.  Wm.  Cheney 
showing  the  annual  deposit  of  rain  for  ten  years: 

Annual  i  Annual 

Tear.                                       Amount,  j  Yenr.                                    Aniuunt. 

1871 ;50.904  1876 28.749 

1872 24.94«  j       1^77 25.208 

1873 .'^1.902  I       1878 22.153 

1874 29.04:^  '       1879 27.180 

1875 30.042  1880 


The  average  annual  rainfall  for  14  years  according  to  Mr.  Che- 
ney^s  observation  is  20.118. 

The  annual  rain-fall  of  eastern  Dakota  from  data  furnished  by 
the  war  department: 


Name  of  place. 

Len^h  of  time. 

Anioimt. 

Fort  Pembina 

Fort  Wadsworth 

Avonigp  of  S   years 

•  i               •  >    e:          t  • 

•f                    .... 

1       •'          ••  8ia-12voii"rs 

1      •'         '•  11 0-12  years 

1 

16.01  inches. 
18.95      *• 

Fort  AbercTombio 

Fort  Randall 

18.44      " 
1G.51      •• 

Fort  Pierce 

13.51      ** 

The  Rev.  Dr.  A.  B.  Patterson  of  St.  Paul  kept  a  meteorolgical 
record  from  1860  to  1876,  the  year  of  his  death. 
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The  subjoined  table  gives  the  total  rainfall  for  each  month  du- 
ring a  period  of  16  years  and  also  the  monthly  and  annual  means: 

Totals.  ^^^**^^y 


Totals. 

January 15.17 

Februarj' 17.61 

31.04 

56.14 

74.53 

46.47 


Mai'ch . 

April 

Ua,y. 

June. 

July. 


August 73.2:3 


Monthly 
mean. 
0.95 
1.10 
1.47 
2.06 
3.51 
4.66 
2.90 
4.57 


September 55.7^ 

October 34.63 

November 22.08 

December 14.33 

Total 


mean. 
3.46 
2.15 
1.31 
0.90 

29.08 


The  average  annual  rainfall  is  29.08  inches. 

Annual  and  monthly  means  of  rainfall  in  Dakota  from  data 
of  the  War  Department  up  to  1878. 


MONTH. 

Fort 
Abercrombie 
1860  to  1877 

Fort 

Pembina.. 

1871  to  1878 

Totals. 

Grand  Mean. 

January 

0.52 
0.55 
1.01 
1.54 
2.16 
3.20 
2.2:^ 
2.6:J 
1.66 
0.96 
0.64 
0.70 

0.18 
0.34 
0.70 
1.17 
2.65 
3.91 
2.81 
2.64 
1.24 
1.24 
0.52 
0.77 

0.70 
0.89 
1.71 
2.71 
4.81 
7.15 
5.04 
5.27 
2.90 
2.20 
1.01 
1.51 

0.35 

February 

0.44 

March 

0.85 

April 

1.35 

May 

2.40 

June 

3.51 

July 

2.52 

August 

2.63 

Senteniber 

1.45 

Octob<?r 

Novemljer 

1.10 
0.50 

December 

0.75 

Mean 

18.44 

16.91 

35.25 

17.67 

Annual  and  monthly  means  of  rain  fall  in  Minnesota  from  data 
furnished  by  the  War  Department  up  to  1878. 
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HON'TH. 


January  . . 
Fobniary .. 
March  . . . . 

April 

M  ay 

June 

July 

Aufmst. . . . 

SlipU'DlbtT 

October . . . 
November 
])ecember . 

Mean  . 


Fort  Snelliiigl  Fort  Ripley  Fort.  Hidgely 


St.  Paul, 


1?<36  to  1878. 1849  to  1877.  18.55  to  1867.  Jg*ij  ^  J'yS^ 


0.07 
0.76 

i.:a 

2.1.S 
:^40 
;j.80 
:^.01 
:5.24 
:i.42 
l.:;9 
1.49 
0.94 


25.81) 


0.85 
0.92 
1 .5.") 

1.62 
4M 


1.51 

1.61 
1.60 

2.88 
2.59 


4.14 

2.67 

:!.ll 

4.02 

:i28 

3.22 

1.60 

1.65 

1.7:5 

1.18 

0.91 

1.12 

27.31 

25.;U 

0.88 
0.97 
1.78 
2.20 
3.76 
5.82 
2.6X 
3.96 
3.09 
2.08 
1.17 
0.72 


25.09 
29.a5 


Grand 
Mean. 


1.07 
1.00 
1.56 
1.89 
3.28 
4.13 
3.07 
3.58 
3.25 
1.68 
1.139 
0.92 


26.41 


The  River  System. 

All  of  the  soutliern  and  central  portions  and  a  lar<^e  area  of  the 
northern  part  of  Minnesota  are  drained  by  the  Mississippi  river 
and  its  tributaries. 

In  the  northwestern  jjart  of  the  State  the  lied  river  valley  which 
is  drained  by  the  Red  river  and  its  affluents  comprises  in  Minne- 
nesota  an  area  of  over  13,176  square  miles. 

The  drainage  is  toward  the  north.  The  lied  Iliver  flows  into 
Lake  Winnipeg,  the  outlet  of  which  is  the  Nelson  river,  which 
finds  the  ocean  through  Hudson's  bay. 

All  of  the  most  northern  streams  tributary  to  the  Rainy  Lake 
river  and  the  system  of  lakes  on  the  boundary  line  between  the 
United  States  and  Canada  belong  also  to  the  Red  river  system  and 
finds  the  ocean  level  at  Hudson's  Bav. 

This  portion  of  the  State  has  not  yet  been  fully  surveyed  and 
the  courses  of  the  streams  as  well  as  the  size  and  shape  of  the 
lakes  are  not  accurately'  laid  down  on  the  maps. 

In  the  northeiLstern  part  of  the  State  a  large  fu*ea  estimated  at 
about  9,000  square  miles  is  drained  by  tributaries  of  Lake  Superior. 
The  principal  rivcjr  of  this  region  is  the  St.  Louis,  which  enters 
the  Lake  atDuIuth. 

As  Lake  Superior  in  common  with  other  great  lakes  finds  its 
outlet  to  the  sea  through  the  river  St.  Lawrence,  the  whole  vast 
system  of  lakes  and  rivers  affluent  to  the  St.  Lawrence  have  re- 
ceived the  the  name  of  the  St.  Lawrence  svstem. 
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The  area  drained  by  the  Mississippi  and  its  branches  comphsesi 
all  the  remaining  portion  of  the  State  except  a  small  tract  in  the 
southwestern  comer  including  Rock  and  Pipestone  coimtres  whose 
streams  flow  into  the  Missouri.  But  as  these  in  common  with  the 
Mississippi  waters  find  the  ocean  level  in  the  Gulf  of  Mexico  they 
may  be  considered  in  the  same  hydrographic  basin.  Thus  it  ap- 
pears  that  the  river  system  in  our  State  is  threefold:  1.  The 
Mississippi  river  system.  2.  The  St.  Lawrence  river  system.  3- 
The  Red  river  and  Rainy  Lake  system. 

Among  the  great  rivers  of  the  world  the  Mississippi  takes  the 
first  rank.  Its  position  and  offices  are  continental  as  those  of  no* 
other  river  are. 

Its  branches  |  stretch  from  the  forty-ninth  parallel  of  latitude 
— the  northern  boundary  of  the  United  States — to  the  Gulf  of 
Mexico  and  from  the  summit  and  crown  of  the  Rocky  Mountains, 
in  northern  Montana  to  the  western  slope  of  the  Appalachian  range 
in  Virginia.  This  magnificent  basin  is  the  seat  of  an  empire 
whose  resources  have  only  begun  to  be  developed.  About  midway 
between  the  eastern  aud  western  limits  of  this  great  valley  are  the 
sources  of  the  mighty  river  whose  arms  grasp  the  continent. 
Among  the  clear,  bright  lakes  of  Minnesota,  on  the  highest  lands 
between  the  Arctic  ocean  and  the  Gulf  of  Mexico,  the  Mississippi 
begins  its  course. 

Within  the  limits  of  our  State  the  Mississippi  grows  from  a  rilL 
sixten  feet  wide  and  fouteen  inches  deep,  to  a  great  river,  half  & 
mile  wide  and  from  6  to  20  feet  deep.  It  assumes  within  our  bor- 
ders its  well-known  character  of  the  ''Father  of  waters." 

Let  us  now  proceed  to  Lake  Itasca  and  observe  the  physical  as- 
pects of  the  river  as  it  appears  to  a  voyager  who  descends  its  cur- 
rent from  its  ultimate  source  to  the  point  where  it  passes  beyond 
the  southern  boundary  of  our  State. 

When  we  consider  the  influence  the  Mississippi  had,  not  only  on 
the  imagination  of  early  explorers  but  also  at  a  later  date  on  the 
development  of  the  cities  and  States  adjacent,  we  cannot  wonder 
at  the  enthusiasm  evinced  to  discover  and  describe  its  utmost 
source  and  to  explore  the  impenetrable  and  trackless  wilderness, 
which  shrouded  in  its  mysterious  silence  the  origin  of  the  great 
river.  It  was  the  same  sort  of  enthusiasm  which  has  prompted  so- 
may  expeditions  in  search  of  the  sources  of  the  Nile.  The  discov- 
ery of  the  source  of  the  Mississippi,  although  attended  by  some 
difficulties  and  hardships,  was  a  comparatively  easy  task. 

The  first  white  man  who  is  known  to  have  visited  Lake  Itasca 
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was  W.  Morriason,  an  Indian  trader  and  explorer.  He  first  saw  the 
lake  in  1804. 

In  1820  Mr.  H.  R.  Schoolcraft  made  a  memoriable  expedition  to 
the  head  waters  of  the  Mississippi  and  proceeded  as  far  as  Cass 
Lake  which  he  named  for  Lewis  Cass  then  Governor  of  Michigan. 
From  this  point  Schoolcraft  turned  back,  but  in  1832  in  a  second 
journey  he  pushed  on  to  Lake  Itasca  and  camped  on  the  little 
Island  in  the  lake  which  bears  his  name. 

The  next  visitor  who  has  left  any  public  record  of  his  expedi- 
tion was  Nicollet  the  French  scientist  whose  name  is  a  household 
word  in  Minnesota,  since  a  county,  a  township,  a  lake,  a  railroad 
station,  a  hotel,  a  street  in  Minneapolis  and  an  island  are 
named  for  him. 

Nicollet  explored  Lake  Ittisca  in  1836.  His  description  is  so 
vigorous  and  charming  that  I  transcribe  a  ]:)ortion  of  it: 

"The  Mississippi  holds  its  own  from  its  very  origin;  for  it  is  not 
necessary  to  suppose  as  has  })ecu  done,  that  Lake  Itasca  may  be 
supplied  with  jinvisible  sources  to  justify  the  character  of  a  re- 
miirkable  stream  which  it  assumes  at  its  issue  from  this  lake. 

There  are  five  creeks  that  fall  into  it,  formed  by  innumerable 
streamlets  oozing  from  the  clay-beds  at  the  bjLses  of  the  hills  that 
consist  of  an  accumulation  of  sand  gravel  and  clay  intermixed 
with  erratic  fragments;  being  a  more  prominent  portion  of  the 
great  erratic  deposit  previously  described,  and  which  here  is  known 
by  the  name  of  ^'Hautes  des  Tt?rres''  heights  of  land.  Now  of 
the  five  creeks  that  empty  into  Itasca  Luke,  one  empties  into  the 
east  bav  of  the  lake,  the  four  others  into  the  west  I)av.  I  visited 
the  whole  of  them;  and  among  the  latter  there  i«  one  remarkable 
above  the  others  inasmuch  as  its  course  is  longer,  and  its  waters 
more  abundant:  so  that  in  obedience  to  the  geograj)liical  rule 
"that  the  sources  of  a  river  are  those  which  nre  most  distant  from 
its  mouth"  this  creek  is  truly  the  infant  Mississippi,  all  others  be- 
low its  feeders  and  tributaries. 

"The  djiy  on  which  I  explored  this  principal  creek  (August  2f^, 
1836)  I  judged  that  at  its  entrance  into  Itasca  Lake  [its  bed  Wiis 
15  to  20  feet  wide  and  the  depth  of  water  from  2  to  3  feet.  We 
stemmed  its  pretty  brisk  current  during  ten  or  twenty  minut<*s, 
but  the  obstructions  occasioned  l»y  the  fall  of  trees  comj>elled  us 
to  abandon  the  canot*  and  seek  its  springs  on  foot  along  the  hills. 
After  a  walk  of  three  miles  during  which  we  took  care  not  to  lose 
sight  of  the  Mississippi  my  guides  informed  me  that  it  wiis  Ixjtter 
to  descend  into  the  trough  of  the  valley;   when,  accordingly,  we- 
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found  numberless  streamlets  oozing  from  the  basis  of  the  hills 
The  temperature  obtained  at  a  great  number  of  places  by  the  ther- 
mometer in  the  mud  whence  these  springs  arose,  was  always  be- 
tween 43®  5  min.  and  44®  2  min.  Fah.,  that  of  the  air  being  be- 
tween 63®  and  70  . 

Having  taken  great  pains  in  determining  the  temperature,  I 
have  a  right  to  believe  that  it  represents  pretty  accurately  the 
mean  annual  temperatures  of  the  country  under  examination. 

As  a  further  description  of  these  head-waters  I  may  add  that 
they  unite  at  a  small  distance  from  the  hills  whence  they  originate 
and  form  a  small  lake  from  which  the  Mississippi  flows  with  a 
breadth  of  a  foot  and  a  half  and  a  depth  of  one  foot.  At  no  great 
distance,  however,  this  outlet  nniting  itself  with  other  streamlets 
coming  from  other  directions  supplies  Ja  second  minor  lake,  the 
waters  of  which  have  already  acquired  a  temperature  of  48®  Fah. 
From  this  lake  issues  a  rivulet  necessarily  increases  importance — 
a'cradles  Hercules  giving  promise  of  the  strength  of  his  maturity, 
for  its  velocity  has  increased;  it  transport  the  smaller  branches  of 
trees;  it  begins  to  form  sand-bars;  its  bends  are  more  decided  un- 
til it  subsides  again  into  the  basin  of  a  third  lake  somewhat  larger 
than  the  two  preceding.  Having  here  acquired  renewed  vigor  and 
tried  its  consequence  upon  an  additional  length  of  two  or  three 
miles  it  finally  empties  into  Itasca  Lake,  which  is  the  principal 
reservoir  of  all  the  sources  to  which  it  owes  all  its  subsequent 
majesty." 

Lake  Itasca. 

The  lake  which  is  the  acknowledged  source  of  the  Mississippi 
river,  is  in  no  way  remarkble.  Not  unlike  some  historical  move- 
ments, whose  beginnings  are  obscure,  this||river  which  becomes  a 
marked  feature  of  the  continent,  has  a  humble  origin. 

Itasca  lake  lies  on  the  northeast  corner  of  T.  143,  N.  range  86, 
W.  5th  meridian. 

It  is  quite  small.  Its  total  length  does  not  exceed  five  miles. 
It  is  from  a  quarter  to  half  a  mile  wide.  The  lake  consists  of  two 
arms  of  unequal  length  uniting  in  a  third  arm  which,  however,  is 
no  larger  or  longer  than  the  others.QThe  longest  arm  extends  to 
the  southeast  about  two  and  a  half  miles.  The  shorter  arm  ex- 
tends to  the*  southwest  and  is^  about  a  mile  long.  The  third 
arm  extends  north  from  the  point  where  the  two  arms  already 
mentioned  unite,  and  is  about  two  milesMong. 
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The  inlets  of  tlio,  lake  are  on  the  shorter  or  southwest  arm^ 
There  are  five  of  them.  They  are  small  streams  draining  the 
swamps  and  springs  in  the  vicinity.  Less  tlian  a  quarter  of  a  mile 
south  of  the  southwest  arm  is  a  little  lake  called  Elk  lake.  It  ha.s 
an  area  of  about  2(^0  Jicres.  It  is  a  mile  long  and  half  a  mile  wide. 
It  is  a  tributary  of  Itasca  lak«*  through  a  small  creek  which  eon^ 
nects  them.  Elk  lake  hius  two  or  thn»e  small  streams  flowing  into 
it  from  the  south.  The  principal  stream  tributarv  to  Itasca  lake 
directly,  also  Hows  from  the  south  and  is  three  or  tour  miles  in 
length.  It  is  rather  a  refinement  <»f  exactness  tn  call  Klk  lake. 
as  some  explorers  have,  the  ultimate  source  <»£  the  Mississijjpi. 
Itasca  lake  has  l)een  in  possession  of  the  honor  so  long,  that  its 
claim  ought  not  to  be  disputed,  and  certainly  it  is  sufficiently  mi- 
nute, remote  and  sylvan  to  answer  all  the  reiiuirements  of  an  ideal 
"  source.''  The  area  of  Ita.sca  lake  is  about  1 125  acres,  or  iu>t  ijuite 
two  square  miles  of  wat<?r.  Its  depth  varies  from  ten  to  twenty- 
five  feet. 

The  temperature  of  the  water  in  August  wjl^  H2'  Fall.,  at  the 
same  time  the  air  was  56'  Fah.  In  Julv  Mr.  Siegfried  found  wa- 
ter  74*  Fah.,  air  76  F.  There  are  probably  no  springs  in  the 
lake  itself.  The  water,  lu»wever.  is  clear  and  wholesome.  A 
dense  forest  of  mixed  hardwo(Ml  and  pine  tn-es  surrounds  the  lake. 
The  immediate  ahore<  are  not  high,  although  hack  a  shi»rt  distance 
the  sand  ridges  and  hills  rise  in  some  ])lace<  12<)feet  from  the  lake. 
Issuing  from  Lake  Itasca  in  a  stream  14  inches  deep  and  IH  feet 
wide,  the  infant  Mississip])i  flows  nearly  due  north  for  twenty  or 
twenty-five  miles.  Its  banks  are  low.  and  for  some  distance  Jon 
either  side  adjacent  lands  are  swamps.  Fallen  trees  juid  flood  wood 
at  first  somewhat  obstruct  the  chanjiel.  There  an'  several  small 
tribntaries  in  the  fii-st  fifty  miles,  and  the  river  gradually  liecomes 
broader  and  deej>er. 

About  twenty-five  miles  (fourteen  miles  in  a  straight  line)  north 
of  Lake  Itasca,  the  river  makes  a  l)end  to  the  eiu<t  and  continues  to 
flow  in  a  general  easterly  coui-se  jus  far  as  the  outlet  of  Lakt»  Win- 
nebigosis,  a  distance  of  fifty-four  miles  in  a  straight  line  and 
nearly  twice  as  far  by  wat^r. 

Lah'  Hem  iff  ji  or  "Lf/r  Tntrers." 

Just  before  entering  Lake  Pemidji  the  river  passes  through  a 

small  lake,  the  first  on  its  coui-se,  named  Lake  Manjuette.    Pem- 

idji,  or  ••  Lac  Travel's  "    of  the  earlv  fur  traders,  is  a  beautiful 
16 
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large  sheet  of  water  about  seven  miles  long  by  two  or  three  miles 
wide.  Its  waters  are  clear  and  pure.  It  has  no  islands.  Its  depths 
range  from  12  to  40  feet. 

On  issuing  from  Lake  Pemidji  the  river  is  150  feet  wide  and  it- 
continues  to  maintain  a  breadth  of  110  to  150  feet  till  it  reaches 
Lake  Cass.  Its  depth  varies  from  two  to  six  fee.  For  the  first  15 
or  20  miles  below  Lake  Pemidji  the  river  flows  over  numerous 
granitic  boulders  causing  rapids.  The  current  is  quite  swift  and 
strong. 

Cass  Lake. 

The  river  enters  Cass  Lake  on  the  west  side  about  midway  be- 
tween its  northern  and  southern  limits.  The  lake  is  a  large  one 
and  has  many  bays  and  islands.  It  covers  an  area  of  about  31  6-10 
square  miles.  It  is  longest  from  north  to  south.  Including  Pike 
Bay  its  length  is  not  less  than  twelve  miles. 

The  surrounding  country  is  a  forest  of  elm,  maple  and  pine. 

This  was  the  furthest  point  reached  by  Mr.  Schoolcraft  in  the 
expedition  of  1810.  The  lake  was  then  named  Lake  ''Cassina"  and 
it  was  regarded  for  a  time  as  the  source  of  the  Mississippi. 

The  river  where  it  leaves  Cass  Lake  in  township  146,  range  30, 
has  a  width  of  172  feet  and  is  8  feet  deep.  Its  banks  are  10  to  12 
feet  high.  Between  Cass  Lake  and  Lake  Winnebigoshish  the  river 
has  a  narrow  flood  plain.  A  short  distance  back  from  the  water 
there  is  a  bench  of  higher  land  supporting  a  fine  growth  of  pines. 
The  distance  between  these  two  lakes  in  a  direct  line  is  only  ten 
miles.  Following  the  course  of  the  river  it  is  about  20  miles. 
The  most  attractive  country  near  the  head  waters  of  the  Missis- 
sippi is  between  and  around  these  lakes. 

Lake  Winnebigoshish, 

This  lake — the  second  in  size  in  this  region — has  an  area  of  sev- 
enty-eight and  a  half  square  miles.  It  is  eight  miles  wide  by 
about  twelve  miles  long  from  north  to  south.     The  river  enters  on 

the  southwestern  side  and  leaves  it  at  the  northeast  comer. 

Unlike  most  of  the  lakes  in  this  part  of  the  State,  the  waters  of 

Winnebigoshish  are  not  clear  and  translucent.  The  Indian  name, 
it  is  said,  signifies  ^'turbid  water".  For  some  distance  out  from 
the  shores  the  lake  is  very  shallow  and  this  fact  taken  in  connec- 
tion with  the  clay  bottom  accounts  for  the  yellowish  white  aspect 
of  the  water.     The  stiff  blue  clay  called  "till"  underlies,  at  the 
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depth  of  a  few  feet,  the  sand  and  otlier  supei-ticial  deposits  which 
cover  the  surface  of  the  country.  Aside  from  the  Mississippi  it 
has  three  inlets  called  Turtle  river,  Round  Lake  river  and  Thorn- 
berry  river.  By  natives  and  traders  in  the  vicinity,  this  lake  is 
called  Winnepeg.  On  leaving  Lake  Winnebigoshish  the  river 
bends  to  the  southwest.  After  psLssing  through  a  small  lake  called 
Little  Winnebigoshish  the  river  is  very  tortuous;  the  banks  are 
low  and  marshy.  The  distance  from  Lake  Winnebigoshish  to 
Pokegama  Falls  is  about  65  miles.  About  20  miles  below  the  lake 
the  Leech  Lake  river  enters  from  the  west.  The  river  continues 
to  wind  through  a  vast  marsh  where  there  is  a  dense  growth  of 
igrass,  reeds  and  wild  rice.  This  marsh  is  about  three  miles  wide 
beyond  which  are  sandy  ridges  with  a  sparing  growth  of  pines. 
The  current  of  the  river  is  sluggish.  The  fall  from  Winne- 
bigoshish to  Pokegama  falls  is  but  23  feet.  This  whole  country- 
above  Pokegama  falls  is  a  great  watery  plateau,  lakes  abound  in 

every  direction.  The  difference  in  level  is  very  slight.  Immense 
swamps  adjoin  these  lakes  and  retain  the  rainfall  so  that  sudden 
rise  and  fall  in  the  lakes  and  streams  is  impossible. 

Leech  Ixike  (n\d  Leech  Lake  Rirer, 

The  principal  tributary  to  the  Mississippi  above  Pokegama  falls 
is  the  Leech  Lake  river,  which  is  the  outlet  of  Leech  Lake.  It  is  35 
miles  long.  It  is  situated  in  the  northern  part  of  Cass  county. 
Its  northern  limit  is  onlv  five  or  six  miles  south  of  Lake  Winne- 
bigoshish.  It  drains  a  large  extent  of  country;  four  large  streams 
and  eight  smaller  ones  flow  into  it;  the  water  is  pure  and 
wholesome;  its  greatest  depths  are  in  the  southwest  bay,  varying 
from  50  to  100  feet.  The  bays  generally  are  shallow,  varying 
from  6  to  10  feet  in  depth.  The  main  body  of  the  lake  is  from 
10  to  13  feet  deep.  The  extreme  range  between  high  and  low 
water  is  1.7  feet. 

The  western  and  southern  shores  are  high  and  bold.  On  the 
northern  side  there  are  more  marshes  and  the  shores  are  lower. 
Evidences  of  a  former  higher  stage  of  water  are  abundant.  The 
old  shore  line  incloses  mai*shes  which,  owing  to  the  growth  and 
decay  of  wild  rice,  rushes  and  other  ac(|uatic  plants  are  constantly 
encroaching  on  the  lake  and  diminishing  the  area  of  water. 
Along  the  bold  shores,  and  all  points  where  the  action  of  ice 
and  waves  has  not  been  impeded,  there  are  walls  of  bowlders, 
These  are  mainly  crystallized  rocks,  either  granite  or  gneiss. 
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Forest  Trees. 

The  forest  about  Leech  lake  consists  chiefly  of  pine.  The  spe- 
cies Pinus  strohuSy  white  pine,  and  P.  resinosa,  Red  or  Norway 
pine,  predominate.  The  balsam  fir,  Abies  hahamea^  the  tamarack 
Larix  AtnericanUy  the  white  cedar.  Thuja  occidentalism  occupy  the 
swamp  and  low  lands.  The  birch,  poplar  and  maple  among 
deciduous  trees  are  found  in  places  on  the  uplands  among  the  pines^ 

Leech  lake  has  three  or  four  islands.  The  lai'gest  is  Bear  island 
and  is  about  three  miles  long.  There  is  a  great  variety  of  shore. 
There  are  deep  bays,  and  long  wooded  points,  producing  a  pictur- 
esque intermingling  of  land  and  water.  (Leech  lake  might  be  rais- 
ed two  feet  without  injury  to  any  adjacent  shore.) 

Pokeganm  Falls. 

From  the  mouth  of  Leech  Lake  river  to  Pokegama  Falls,  a  dis- 
tance of  45  miles,  the  Mississippi  continues  to  wind  through  a 
great  morass.  The  current  is  slow,  owing  to  the  tortuous  course 
of  the  river  and  the  very  slight  slope:  the  fall  is  only  13|  feet  in 
the  45  miles.  At  Pokegama  Falls  the  river  plunges  over  the 
first  exposure  of  'rock  seen  in  descending  its  course.  It  is  a 
quartzyte  or  metamorphic  tondstone  formation  bearing  N.  E.  and 
S.  W.  There  is  no  perpendicular  fall  of  the  river  here,  but 
through  a  narrow  chute  the  river  rushes  with  great  velocity, 
falling  14  feet  in  a  distance  of  880  feet.  The  altitude  of  Poke- 
gama falls — head  of  falls — above  the  sea  is  1266.71  feet. 

The  exposure  of  quartzyte  seen  at  Pokegama  falls  is  more  finely 
displayed  on  the  Prairie  river,  a  tributary  which  enters  the  Missis- 
sippi from  the  east,  two  or  three  miles  below  the  falls. 

Below  Pokegama  falls  are  the  Grand  Rapids.  There  is  no  rock 
in  place  here,  but  the  channel  is  obstructed  by  bowlders,  over 
which  the  water  rushes,  falling  five  feet  in  a  distance  of  1750  feet. 
Grand  Rapids  is  the  head  of  navigation  on  the  upper  Mississippi. 

A  notable  change  in  the  aspect  of  the  river  and  the  adjacent 
country  occurs  below  the  falls.  Some  outlines  of  a  valley  appear; 
there  are  bottom  lands  covered  with  elm,  ash,  birch,  basswood  and 
spruce  trees,  while  beyond  are  higher  ridges  and  levels  on  which 
the  pine  finds  a  congenial  habitat. 

The  banks  of  the  river  are  generally  higher  than  above  the  falls, 
and  the  slope  averages  six  inches  to  the  mile  as  far  down  as  the 
mouth  of  the  Mud  river,  near  Aitken,  on  N.  P.  R.  R.     The  river 
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is  very  crooked,  but  its  general  direction  below  the  falls  is  first 
southeast,  then  south  and  southwest  to  Aitken.  It  is  150  miles 
by  river  from  the  falls  to  Aitken.  The  area  of  tlie  water-shed  of 
the  river  in  this  distance  is  2,500  sq.  miles. 

The  principal  tributaries  ))etween  Pokegama  falls  and  Aitken 
are : 

On  the  east  bank,  in  descending  order:  Prairie,  Wild  Swan, 
Sandy  Lake,  Rice  and  Mud  rivers. 

On  the  west  side  are:    Split-Hand?  and  Willow. 

A  brief  notice  of  these  rivers  is  all  that  can  be  allowed  in  this 
chapter. 

Prairie  River. 

The  Prairie  river  has  its  sources  in  the  innumerable  small  lakes 
$md  marshes  north  of  Pokegama  Falls.  It  has  a  swift,  strong  cur- 
rent, and  in  time  of  high  water  brings  down  a  large  volume  to 
swell  the  Mississippi,  which  it  enters  about  three  miles  below 
Pokegama  falls. 

The  Wild  Snan  River, 

The  Swan  river  rises  in  Swan  Ljike  or  rather  in  the  tributaries 
■of  that  lake,  and  flowing  in  a  southerly  direction  parallel  with 
the  Mississippi  for  25  or  30  miles,  finally  bends  to  the  west  near  its 
mouth  and  enters  the  Mississippi  about  midway  between  Grand 
Rapids  and  the  outlet  of  Sandy  lake,  in  Tp.  52,  R.  13. 

Sand  If  lAike  Rirer. 

Sandy  Lake  river  is  the  outlet  of  Sandy  lake,  86  miles  below 
Orand  rapids.  The  lake  has  several  important  affluents.  The 
^andy  river  flows  into  the  lake  from  the  south.  The  N.  P.  R.  R. 
passes  on  its  head-waters  between  Kimberly  and  Island  lake  sta- 
tions. In  the  early  history  of  the  northwest  this  lake  had  consid- 
erable celebrity  as  a  trading  post. 

Rice  River, 

Rice  river  rises  in  Rice  Lake,  and  the  watershed  east  of  Mille- 
Lac  which  divides  the  waters  flowing  into  St.  Crois  from  those  of 
the  Mississippi.    It  enters  the  river  north  of  Aitken. 
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Mud  River. 

The  Mud  River  has  its  head-waters  in  the  region  near  the 
northern  end  of  Mille  Lac.     Its  general  course  is  north. 

Willow  River. 

Willow  River  is  the  largest  of  these  affluents.  Its  sources  are 
southwest  of  Pokegama  Falls.  It  drains  a  large  territory  covered 
with  a  dense  growth  of  pines.  Its  general  course  is  south  and 
parallel  with  the  Mississippi  which  it  enters  about  125  miles  below 
Grand  Rapids. 

In  connection  with  this  description  of  the  physical  features  of 
the  upper  Mississippi,  some  account  of  the  proposed  "reservoir 
system"  seems  appropriate. 

According  to  the  "Report  of  the  Chief  of  Engineers"  for  1879 
it  is  proposed  to  construct  drains  for  the  purpose  of  restraining 
and  storing  the  waters  of  the  Mississippi  at  the  following  named 
points:  outlet  of  Lake  Winnebigoshish;  outlet  of  Leech  Lake;  Miss- 
issippi river  below  Vermillion  river;  Mississippi  river  at  the  head 
of  Pokegama  Falls.    . 

In  addition  to  these  dams  are  proposed  on  Pine  river  and  at 
Gull  Lake.  In  estimating  the  eflTect  of  the  reservoirs  on  the  river 
the  last  two  are  not  taken  into  account. 

The  area  and  storage  capacity  of  the  four  reservoirs  above 
Pokegama  Falls  is  stated  as  follows: 

1.  The  dam  at  the  outlet  of  Lake  Winnebigoshish  is  to  be  14 
feet  high  and  1,114  feet  long.  This  would  pond  the  water  up 
through  the  Mississippi  river  into  Cass  Lake. 

Reservoir  capacity,  45,754,204,380  cu.  ft. 
Area  of  reservoir  surface,  4,  312,701,360  sq.  ft. 
Aree  of  the  basin  of  supply,  527,459,328,800  sq.  ft. 

2.  The  dam  at  the  outlet  of  Leech  Lake  is  to  be  4  feet  high 
and  3,300  feet  long. 

Reservoir  capacity,  22,567,564,800  cu.  ft. 
Area  of  reservoir  surface,  6,091,430,400  sq.  ft. 
Area  of  basin  of  supply,  27,906,278,400  sq.  ft. 

3.  The  dam  on  Leech  Lake  River  below  Mud  Lake  is  to  be  ^ 
feet  high  and  1000  feet  long. 

Reservoir  capacity,  2,885,414,400  cu.  ft. 
Area  of  reservoir  surface,  480,902,400  sq.  ft, 
Area  of  basin  of  supply,  4,460,544,000  sq.  ft. 
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i.  Tlie  dain  on  the  Mississippi  river  below  the  mouth  of  the 
Vermillion  river  is  to  be  10  feet  high  juid  2,300  feet  long. 

Reservoir  capacity,  5,770,823,800  cu.  ft. 

Area  of  reservoir  surface,  961,804,800  sq.  ft. 

Area  of  supply  basin,  12,071,346,800  sq.  ft. 

5.  The  dam  at  Pokegama  Falls  is  to  l)e  7  feet  high  and  400 
feet  long. 

The  total  available  supply  of  water  from  these  five  reservoirs  is 
computed  in  round  numbers  to  be  70,000,000,000  cubic  feet.  This 
would  furnish  for  a  period  of  120  days,  between  the  first  of  July 
and  the  first  of  November,  a  supply  of  6.750  cubic  feet  i>er  second, 
in  the  river  below  the  falls.  The  low  water  flow  at  St.  Paul, 
where  a  continuous  record  of  gauge-readings  has  been  kept  since 
1872,  is  5,800  cubic  feet  per  second.  In  October  1878  the  measured 
disitharge  at  St.  Paul  was  6,150  cubic  feet  per  second.  Adding 
the  reservoir  supply  to  the  low  water  discharge,  we  get  as  a  result 
a  steady  flow  of  12  to  13,000  cubic  feet  per  second,  past  St.  Paul 
during  the  low  water  season  between  July  and  November. 

It  is  proposed  to  shut  off  the  entire  Mississippi  between  Decem- 
ber first  and  July  first  and  store  the  low  water  discharge  as  \v>A\  as 
rainfall  during  that  period.  It  is  believed  that  early  spring  navi- 
gation between  Aitken  and  Grand  Rapids  would  not  be  injuriously 
affected  by  this  retention  of  the  water  above  Pokegama  Falls, 
inasmuch  jus  the  area  of  the  Mississippi  basin  between  Pokegama 
and  Aitken  is  2.500  square  miles,  imd  there  are  several  important 
affluents,  already  described  in  this  distance.  It  is  thought  there- 
fore that  previous  to  July  first  the  Mississippi  below  Pokegama 
will  have  sufficient  water  for  navigation  without  the  fiow  that 
naturally  comes  over  the  falls. 

The  data  for  computing  the  amount  of  surplus  water  in  the  res- 
ervoirs on  the  first  of  July,  may  reipiire  modification.  It  is  lus- 
sumed  that  the  mean  annual  rainfnll  for  the  upper  Mississippi 
basin  is  25  inches  and  that  about  one-third  of  tliis,  or  0.7  ft.,  finds 
its  way  into  the  streams  and  riveis.  The  amount  lost  l)y  evajjora- 
tion  is  at  present  unknown.  The  amount  which  will  be  absorbed 
by  the  overflowed  lands  can  (mly  be  determined  by  experiment. 

Notwithstanding  these  and  other  obscure  anil  doubtful  elements 
in  the  problem,  it  appeal's  rejusonable  that  a  sufficient  amount  of 
water  can  be  stored  to  give  the  Mississippi  at  St,  Paul  a  steady 
flow  during  the  dr}'  seitson  of  1(»  to  13,0<K)  cubic  feet  per  second. 
This  would  be  a  great  gain  both  to  commerce  and  manufactures  in 
our  state. 
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Pine  Rive 


The  only  other  important  affluent  of  the  Uiasissippi  above 
Brainerd  is  the  Pine  river  which  forms  the  outlet  of  a  chain  of 
lakes  of  which  Wbitefish  and  Cross  lakes  are  the  largest.  Piae 
river  drains  an  area  of  about  600  sq.  miles.  Its  general  direction 
is  east  and  south:  it  enters  the  river  about  midway  between  Aitken 
and  Brainerd.  The  general  course  of  the  Mississippi  between 
these  points  is  weat.  The  pine  river,  therefore,  enters  from  the 
north.  It  is  a  rapid  stream.  Its  measured  low  water  volume  was 
782  cu.  ft.  per  second. 

In  this  stretch  of  the  river  there  three  notable  rapids. 

1.  Big  Eddy  Rapids,  where  the  fall  is  5.15  ft.  permile  for  half 
a  mile. 

2.  Island  Rapids,  which  are  3000  feet  long  and  the  slope  4.62 
ft.  per  mile  for  the  first  800  feet. 

3.  French  Rapids,  about  4O0  feet  long  and  the  slope  averages 
about  6  ft.  per  mile. 

Some  conception  of  the  volume  of  the  river  in  this  upper  rigion 
may  be  derived  from  noting  the  discharge  in  cubic  feet  per  second 
at  various  points  of  observation  on  the  river.  The  following  table 
is  from  report  of  chief  of  engineers  U.  S,  A,,  1879, 
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The  Minnesota  River, 

A  small  stream  about  twenty  feet  wide  and  from  one  to  two 
feet  deep,  enters  Brown's  Valley  one  mile  below  Lake  Traverse 
from  the  northwest,  and  after  making  several  bends,  empties  its 
waters  into  Big  Stone  Lake.  This  stream  is  the  Minnesota  river 
at  its  beginning.  It  drains  the  uplands  that  stretch  away  to  the 
conteau  northwestward  from  Big  Stone  Lake.  It  has  several 
afiiuents,  and  drains  an  area  of  310  square  miles. 

Brown's  Valley  is  about  five  miles  long,  and  from  one  two  miles 
wide.  The  valley  is  nearly  level  and  is  elevated,  in  general,  from 
15  to  20  feet  above  the  lakes  on  either  side.  Its  soil,  gravel-ridges 
and  sloughs  give  evidence  that  it  was  once  the  be<l  of  a  great 
river.  At  present  it  is  dry,  except  times  of  very  high  water,  when 
the  infant  Minnesota  overflows  its  banks,  and  the  lakes  are  raised 
to  the  high  water  level.  In  these  circumstances  the  sloughs  and 
marshes  are  filled,  and  there  is  a  water  connection  through  them 
between  Lac  Travers  and  Big  Stone. 

This  connection  is,  however,  only  temponiry  and  incidental.  The 
outlet  of  Lac  Traverse  is  through  the  Bois  de  Sioux  into  the  Red 
River  of  the  North.  The  elevation  above  the  sea  is  1000  feet, 
while  that  of  Big  Stone  is  1)92.  making  a  difference  of  8  feet. 
But  the  filling  up  of  Brown's  Valley  with  alluvium  and  silt  of  the 
old  river  has  constituted  here  a  ''divide' '  or  water-}>arting,  so  that 
Lac  Travers  has  become  a  j)iu-t  of  the  Hudson's  Bay  system,  while 
Big  Stone  remains  loyal  to  the  Mississippi. 

Big  Stone  Lake  (Inyan  Tonka)  is  so  named  on  account  of  the 
exposure  of  granite  about  one  aiul  a  half  miles  below  the  outlet  of 
the  lake,  where  the  rock  outcrops  in  large  round  and  glaciated 
masses,  which  rise,  in  some  instances,  from  40  to  60  feet^above  the 
river.  The  lake  is  about  26  miles  long,  and  from  a  mile  to  a  mile 
and  a  half  wide.  Its  greatest  depth  is  abovt  30  feet.  Its  basin  is  the 
trough  excavated  by  a  glacial  river  which  formerly  drained  the 
Red  River  valley.  Gen.  Warren  and  others  have  suggested  that 
the  silting  up  of  the  valley  just  below  the  lake,  at  the  mouth  of 
the  Whetstone,  by  the  sediment  brought  down  by  that  tributary 
may  account  for  the  existence  of  Big  S^^one  Lake. 

The  blufis  which  enclose  the  whole  vallev  on  both  sides  are  here 
from  125  to  150  feet  high.  The  descent  is  gradual  at  some  points, 
abmpt  at  others;  or  they  rise  from  the  lake  shore  almost  })erpen- 
dicular  to  it,  for  40  or  50  feet,  and  then  slope  away  to  the  summit. 
The  shores  are  wooded,  and  walled  with  lx)ulders.     There  are  sev- 
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eral  small  streams  entering  the  lake  through  deep  ravines.  At  the 
lower  end  are  several  wooded  islands;  the  largest  (Chamberline's) 
contains  about  125  acres.  Another,  called  "Paradise  Island" 
contains  about  70  acres.  Ortonville  and  Big  Stone  City  are  situated 
at  the  foot  of  the  lake.  At  the  outlet  of  the  lake,  the  Minnesota 
is  about  20  feet  wide  and  flows  through  a  marsh  which  extends 
between  the  bluffs  for  a  distance  of  two  miles. 

The  general  course  of  the  river  is  southeast,  until  at  Mankato  it 
bends  to  the  northeast  and  continues  in  that  course  till  it  reacheft 
its  junction  with  the  Mississippi  at  Fort  Snelling.  The  first  tribu- 
tary to  the  Minnesota  below  the  lake  is  the  Whetstone  (Izuzu) 
which  enters  the  valley  through  a  deep  ravine  on  the  west  or  right- 
hand  side.  It  has  its  sources  near  the  Dakota  Coteau  and  is  about 
25  feet  wide  at  its  mouth.  In  low  water  its  depth  is  2  to  3  feet 
rising,  in  freshets,  to  8  and  10  feet.  Its  area  of  watershed  is  110 
sq.  mi.  Below  the  Whetstone  the  valley  is  about  a  mile  and  a 
half  wide  while  the  river  is  less  than  50  feet  wide.  Ledges  of 
granite  and  granite  boulders  are  numerous  in  the  hollow  lands. 

The  Yellow  Earth  River  (Mankareoza) 

is  sometimes  called  the  Yellow  Bank.  The  Indians  also  called  it 
Chra  Wakon  spirit  mound  on  account  of  a  hill  near  its  source. 
At  its  confluence  with  the  Minnesota  it  is  about  25  feet  wide. 
It  has  its  source  near  the  coteau  and  its  course  is  among  gravelly 
hills  and  ridged  in  the  western  townships  of  Lac  qui  Parle  county. 
Its  waters  comprises  about  340  square  miles. 

Proceeding  down  the  river  some  three  or  four  miles  below  the 
Yellow  Earth,  we  come  to  a  broad  marsh  about  one  mile  wide  and 
four  miles  long.  The  valley  of  the  Minnesota  at  this  point  is  3J 
miles  wide,  whilethe  river  is  from  50  to  60  feet  wide. 

The  Pomme  de  Terre  (Tipsina) 

river  has  its  sources  in  Turtle  Lakes,  Wall  lakes  and  Eagle  lake  in 
Otter  Tail  countv. 

Its  course  is  almost  directly  south  and  it  drains  an  area  of  about 
1000  square  miles.  It  enters  the  Minnesota  valley  on  the  left 
through  a  deep  ravine,  and  has  brought  into  it  a  vast  amount  of 
sediment,  which  has  probably  caused  the  existence  of  the  marshy 
lake  before  described,  above  its  mouth.  At  its  confluence  with  the 
Minnesota  the  Pomme  de  Terre  is  35  feet  wide.     At  this  point 
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twenty  miles  below  the  outlet  of  the  lake  the  Minnesota  has  a 
Tolume  of  42  cubic  feet  per  second  in  low  water. 

Ixu'  qui  Parlfn  or  the  Ixtke  that  Talks, 

The  name  is  said  to  be  a  translation  of  a  Dakota  word,  signifying 
echoes.  Others  hold  that  the  name  was  given  by  French^  traders 
on  account  of  the  resounding  of  waves  on  a  rocky  point  of  the 
shore. 

The  lake  is  an  expansion  of  the  Minnesota  River,  caused  by  the 
barrier  of  sand  and  silt  which  has  been  brought  into  the  valley 
by  the  Lac  qui  Parle  River.  It  is  eight  miles  long.  Its  width  va- 
ries from  one-half  to  three-fourths  of  a  mile.  Its  greatest  depth 
is  about  12  feet.  At  the  upper  end  of  the  lake  are  extensive  marsh- 
es and  there  is  considerable  low,  wet  land  about  the  lake,  which 
is  flooded  in  seasons  of  high  water.  Granite  exposures  occur  on 
the  south  side  and  near  the  foot  of  the  lake  there  is  a  low  outcrop 
on  both  sides  which  is  submerged  except  during  the  dry  season. 

Uic  qui  ParJe  (Infjxth)  River. 

It  is  said  that  the  Indians  gave  this  river  the  name  Cha  Intpahy 
signifying  the  last  wooded  stream.  It  is  the  last  in  ascending  the 
river  which  had  timber  on  its  banks  in  anv  considerable  amount. 
The  river  enters  the  Minnesota  Valley  on  the  right  bank  just 
below  the  foot  of  the  hike. 

The  L(tc  qui  Parle  Hirer  is  an  important  affluent.  It  drains  an 
area  of  830  square  miles  in  Lac  qui  Parle  jmd  the  western  part  of 
Yellow  Medicine  counties.  Its  sources  are  among  the  hills  and 
ridges  on  the  western  boundary  of  the  State  in  C'anby  and  Lincoln 
counties. 

Its  general  course  is  north  and  northeast.  Its  valley  varies 
from  an  eighth  to  a  fourth  of  a  mile  wide,  jind  it  has  a  fall  of  six 
to  eight  feet  per  mile.  In  the  season  of  high  water  it  pours  a 
large  quantity  of  gravel  and  silt  into  the  Minnesota  which  has 
probably  occasioned  the  existence  of  the  lake  by  tilling  uj)  the 
▼alley  and  thus  causing  a  barrier  opposite  the  mouth  of  the  Lac 
qui  Parle  River.  The  valley  of  the  Minnesota  is  only  one  and  a 
half  miles  wide,  and  there  is  an  island  dividing  the  ancient  channel. 
The  Minnesota  flows  through  the  right  channel:  the  Chippewa 
comes  into  the  left  channel  and  joins  the  Minnesota  at  the  foot  of 
the  island  12  miles  below  the  lake. 
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Ths  Chippetva  River 

has  its  headwaters  in  the  small  lakes  in  the  northern  part  of 
Douglas  county.  The  sources  of  the  Chippewa  are  80  miles  in  a 
direct  line  from  its  mouth.  It  drains  an  area  of  2,000  square 
miles,  comprising  some  of  the  most  fertile  and  productive  lands  in 
the  state.  Its  watershed  includes  the  western  part  of  Douglas,  all 
of  Pope  and  a  large  share  of  Swift  and  Chippewa  counties. 

Two  branches  unite  near  Benson  to  form  the  main  river.  The 
west  branch  is  the  larger  and  has  its  source  in  the  north  part  of 
Douglas  county.  The  east  branch  has  its  sources  in  the  eastern 
part  of  Pope  county.  The  country  drained  by  these  branches  is 
rolling  and  hilly.  It  is  the  morainic  deposit  described  elsewhere. 
The  river  descends  more  than  400  feet  from  its  source  to  its  con- 
fluence vrith  the  Minnesota.  In  the  western  part  of  Douglas  county, 
St.  P.,  M.  &  M.  R.  R.  crossing,  the  elevation  of  the  river  is  1339 
feet  above  the  sea.  At  Benson  the  elevation  is  1021  feet.  At  its 
junction  with  the  Minnesota  939  feet,  shovring  a  fall  of  400  feet. 

The  valley  of  the  Chippewa,  like  that  of  the  Minnesota,  appears 
to  have  been  the  course  along  which  a  glacial  river,  issuing  from 
the  retreating  ice-fields,  poured  its  floods  of  water.  The  valley  is 
often  from  a  fourth  of  a  mile  to  a  mile  wide,  and  could  not  have 
been  eroded  by  the  river  as  it  now  is. 

Ten  miles  below  the  Chippewa  the  Minnesota  valley  become 

much  narrower.     The  river  itself  is  about  100  feet  vnde  and  there 

are  numerous  outcrops  of  granite,  a  succession  of  reefs  over  which 

the  water  flows  with   rapid   current.     This  is  one  of  the  most 

interesting  points  in  .the  valley.     The  granite  masses  rise  from  30 

to  75  feet  in  height  and  are  a  picturesque  relief  to  the  eye.     The 

head  of  the  rapids  is  in  T.  116,  R.  30,  sec.  20.     The  distance  from 

this  point  to  the  foot  of  Minnesota  Falls  is  5.38  miles  and  the 
total  fall  in  the  distance  is  49.78   feet.     Here  are  located  the 

thriving  towns  of  Granite  Falls  and  Minnesota  Falls  with  their 
valuable  water-powers.  The  river  makes  several  sharp  bends 
within  the  valley,  but  the  general  southeast  course  remains  un- 
altered. 

The  Yellow  Medicine 

Enters  the  Minnesota  20  miles  below  the  Chippewa.  Its  sources 
are  among  the  hills  and  basins  of  Lincoln  county.     It  drains  parts 
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of  Lincoln,  Lyon  and  Yellow  Medicine,  an  area  altogether  of  650 
RCjuare  miles.     Its  general  course  is  north  of  east. 

At  the  junction  of  the  Yellow  Medicine  and  Minnesota  on  the 
blufi^  overlooking  the  valley,  was  located  the  upper  Sioux  agency, 
famous  in  the  earlier  history  of  the  state,  and  the  scene  of  a  tern- 
ble  tragedy  in  the  Indian  outbreak  in  1862. 

The  volume  of  water  in  this  river  is  variable.  The  high  water 
marks  indicate  that  it  rises  10  or  12  feet  above  its  low  water  level. 

Ilfitrk-  Creek'  (Chefomba), 

Half  a  mile  below  the  mouth  of  the  Yellow  Medicine  Hawk 
Creek  enters  the  Minnesota  from  the  north.  Its  sources  are  in 
the  southwestern  part  of  Kandiyohi  and  it  drains  also  parts  of 
Chippewa  and  Renville  counties,  an  area  of  about  470  square 
miles.     It  has  eroded  a  deep  channel  through  the  blutts. 

From  the  foot  of  Minnesota  falls  to  the  mouth  of  the  Yellow 
Medicine  river,  the  distjuice  is  about  4^  miles,  and  to  the  mouth  of 
the  Redwoo<l  it  is  25  miles.  There  are  two  sets  of  rapids  where 
ledges  of  gneiss  occur.  The  first  is  ealleil  Patterson's  rapids,  and 
four  miles  below  these  are  Brown's  rapids.  The  average  slope  of 
the  river  along  this  part  of  its  course  is  a  little  over  2  feet  to  the 
mile.  Several  small  streams  from  the  river  below  Hawk  creek, 
Rice  creek.  Boiling  Springs  creek  and  Saci-ed  Heart  creek.  The 
high  water  mark  of  the  Minnesota  above  the  Kedwood  is  24  feet 
above  the  low  water  level.  The  measured  discharge  of  the  river 
in  low  water,  was  217  cu.  ft.,  per  second. 

The  RethrtHxi  River. 

The  Redwood  has  its  sources  in  the  westeni  part  of  Lyon  coun- 
ty, in  the  same  hilly  region  from  which  the  Cottonwood  luid  Yel- 
low Medicine  descend.  Its  general  course  is  east,  and  parallel 
with  the  rivers  first  named.  It  drains  an  area  of  770  square  miles, 
lying  in  Lyon  and  Redwoml  counties. 

The  gorge  at  Redwood  Falls  is  two  miles  long.  The  river  has 
worn  its  way  down  into  the  granite,  and  falls  a  hundred  feet  in 
half  a  mile.  The  total  fall  from  the  top  of  Cook's  milldam  to  the 
Minnesota  river  is  125  feet.  The  water  i)owers  here  are  valuable, 
and  the  place  is  unsurpassed  by  anything  in  the  State  for  its  wild 
and  picturesque  l)eauty. 
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Beaver  Creek 

Enters  the  Minnesota  three  miles  below  the  Redwood,  from  the 
north.  It  is  30  feet  wide  at  its  mouth.  It  drains  an  area  of  240 
square  miles  in  Renville  county.  From  the  Redwood  to  the  Big 
Cottonwood  the  distance  is  about  40  miles,  and  the  fall  of  the  river 
35.75  feet. 

The  river  averages  150  feet  in  width,  while  the  valley  varies 
from  a  mile  to  a  mile  and  a  half  wide.  The  low  water  discharge 
of  the  river  at  Ft.  Ridgely  which  is  situated  about  half  way  be- 
tween the  affluents  above  named,  was  found  to  be  253  cubic  feet 
per  second,  and  just  above  the  Cottonwood,  307  cu.  ft.  per  second. 
As  the  granites  and  gneisses  of  this  valley  are  described  and 
classified  in  another  chapter,  no  attempt  is  made  to  recount  their 
appearance,  and  characteristics  here,  although  they  constantly 
form  a  very  striking  and  picturesque  feature  of  the  scenery.  The 
last  exposures  of  these  rocks  seen  in  descending  the  river,  is  about 
four  miles  below  Ft.  Ridgley. 

The  Cottonwood  River,  (  Waraju) 

Its  numerous  sources  are  chiefly  in  Lyon  county.  Its  general 
course  is  east.  It  drains  an  area  of  980  square  miles  in  Lyon, 
Redwood,  Brown  and  Cottonwood  counties.  Its  confluence  with 
the  Minnesota  is  three  mile  below  New  Ulm,  where  it  is  120  feet 
wide.  The  volume  of  water  varies  with  the  season.  In  times  of 
freshet  it  rises  10  feet  or  more  above  low-water,  and  pours  a  rapid 
flood  into  the  main  river. 

The  Blm  Earth  River, 

is  the  largest  tributary  to  the  Minnesota.  It  has  many  branches; 
some  of  them  nearly  or  quite  as  large  as  the  main  stream.  There 
is  here  a  remarkable  confluence  of  several  rivers  flowing  from  the 
west,  south  and  east,  to  a  common  center  where  they  combine  and 
discarge  their  united  volume  into  the  Minnesota.  The  drainage 
basin  of  this  system  comprises  Watonwan,  Martin,  Blue  Earth, 
Fairbault  and  Waseca  counties.  The  total  area  of  the  watershed 
is  3350  square  miles. 

The  stream  which  bears  the  name  of  the  Blue  Earth  rises  near 
the  Iowa  boundary  line,  and  its  general  course  is  nearly  north. 
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Its  principal  affluents  on  tlie  west  biink  namt'd  in  descending 
order,  are  the  West  Fork  of  the  Blue  Earth,  Badger  Creek,  South 
Oreek,  Centre  Creek,  Elm  or  Chain  Creek,  and  the  Wiitoinvan 
River.  These  drain  Martin  and  Watonwan  counties.  The  tribu- 
taries of  the  Blue  Earth  on  the  east  bank  named  in  descending 
order,  jire  Coon  creek.  East  Fork  and  Le  Sueur  river.  Of  these 
the  most  important  is  the  Le  Sueur,  which  joins  the  Blue  Earth 
three  miles  above  its  mouth,  and  and  at  their  confluence  is  the 
largest  stream. 

The  Le  Sueur  has  its  source  in  the  southern  part  of  Waseca 
county.  Its  course  is  north,  then  west.  It  makes  a  rather  large 
bend  in  Blue  Earth  county,  and  is  joined  first  by  the  Cobb  river 
then  by  the  Maple  river,  at  a  point  about  six  miles  south  of  Man- 
kato. 

The  Cobb  and  Maple  rivers  have  their  sources  in  the  northern 
part  of  Faribault,  and  flow  nearly  parallel,  in  a  northerly  course, 
till  they  join  the  Le  Sueur. 

At  the  mouth  of  the  Blue  Earth  the  Minnesota  bends  to  the 
north,  and  takes  a  general  northeast  course  to  its  junction  with 
the  Mississippi.  The  cause  of  this  deflection  of  its  course  is  ex- 
plained by  the  geological  formations  here,  as  set  forth  in  another 
chapter.  Below  Mankato  the  Minnesota  has  few  important  tribu- 
taries.    Its  drainage  area  is  now  much  more  limited. 

The  principal  affluents,  in  their  order  descending  the  river,  are 
the  following:  The  Shanaska,  a  small  stream  entering  the  Minne- 
sota, from  the  east,  at  Kasota,  in  Le  Sueur  county.  It  is  the  out- 
let of  Lake  Washington.     It  has  two  water  powers. 

Cherry  Creek  enters  the  Minnesota  from  the  east  at  Ottawa.  It 
rises  in  the  small  lakes  in  Cleveland  and  drains  an  area  of  about 
do  square  miles. 

Little  LeSueur  creek  drains  the  northern  part  of  LeSueur  coun- 
ty, an  area  of  114  square  miles  and  finds  the  river  at  LeSueur.  It 
has  two  small  water  powers. 

Rush  river  drains  the  northeast  part  of  Sil)lev  count v,  an  area 
of  102  square  miles  and  enters  the  river  from  the  west. 

High  Island  Creek  has  its  source  at  High  Island  Lake  or  Auburn 
Lake.  It  drains  an  area  of  75  square  miles  in  northeastern  part  of 
Sibley  county  and  joins  the  Minnesota  from  the  west. 

Sand  Creek  drains  an  area  of  234  scjuare  miles  in  Scott  county 
and  enters  the  Minnesota  from  the  east  near  the  Little  Rapids 
above  Chaska.     It  has  three  water  powers.     Carver  Creek  drains 
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160  square  miles  in  Carver  county.     Its  sources  are  the  lakes  of 

Waconia,     There  are  two  small  water  powers. 

Credit  river  flows  north  and  joins  the  Minnesota.     It  drains  140 

square  miles  in  the  eastern  part  of  Scott  county.     It  has  one  water 
power  at  Hamilton  where  it  unites  with  the  Minnesota. 

Nine  Mile  creek  drains  42  square  miles  of  Hennepin  county  and 

finds  the  Minnesota  from  the  west,  being  the  last  affluent. 

The  Red  River  of  the  North  and  its  2\ibutnries  Above  its  Junction 

With  the  Hois  de  Sioux  at  Breckenridge. 

This  is  considered  by  some  authorities  as  a  distinct  river  and  is 
called  the  Otter  Tail  river.  In  various  reports  of  the  War  De- 
partment by  engineers  and  others,  the  Red  River  is  said  to  have 
its  source  in  Lake  Traverse  and  the  Otter  Tail  river  is  regarded  as 
a  tributary.  Dr.  Owen,  in  his  geological  report  of  Wisconsin, 
Iowa,  and  Minnesota  makes  Otter  Tail  lake  the  source  of  thee  Eled 
River.  H  makes  no  mention  whatever  of  the  section  of  the  river 
above  OtterTail  lake,  and  remarks  of  the  Red  River  which  he  de- 
scended from  Otter  Tail  lake  to  Pembina  that  it  was  called  by  the 
Indians  ^-The  Otter  Tail.^' 

The  ultimate  sources  of  this  stream  are  not  more  than  ten  or 
twelve  miles  west  of  the  headwaters  of  the  Mississippi  in  T.  148, 
R.  38.  There  is  in  this  part  of  the  State  a  rolling,  undulating  tract, 
generally  elevated  between  1,500  and  1,600  feet  above  the  sea. 
The  hills  and  ridges  rise  variously  from  25  to  1(X)  feet  above  the 
intervening  lakes.  There  are  numerous  swamps  and  marshes  and 
lakelets,  and  the  whole  region  is  nearly  forest-covered.  Here, 
within  a  radius  of  a  dozen  miles,  the  Mississippi  river,  the  Red 
river,  the  Wild  Rice  river,  the  Shell  river  and  the  Buffalo  river 
have  their  sources. 

There  is  a  small,  nameless  lake  about  six  miles  north  of  Elbow 
Lake,  where  the  river  has  its  ultimate  source.  The  stream  flowa 
south  and  passes  through  Elbow  lake.  Many-point  lake  and  Round 
lake  in  the  order  named.  Its  course  then  trends  southwest;  it 
passes  through  Height  of  Land  lake  and  continues  in  the  same 
general  direction  some  15  or  18  miles  further  till  it  is  crossed  by 
the  N.  P.  R.  R.  at  Frazee.  The  course  of  the  river  is  thence 
southeast  as  far  as  Pine  lake,  and  thence  south  to  Otter  Tail  lake. 
The  elevation  of  the  river  bed  above  the  sea  near  Perham  ia 
1,327  feet.     The  elevation  of  Otter  Tail  lake  is  1,325  feet. 

Thus  far  the  river  has  no  clearly  marked  valley.     It  flows  in  a 
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channel  eroded  by  its  own  agency  in  the  drift.  The  banks  vary 
from  6  to  20  feet  high.  Sometimes  tliere  are  swamp-like  expan- 
sions at  one  side  or  the  other  of  the  stream.  At  other  points  the 
banks  are  perpendicular  or  abrujjt  and  the  river  has  eroded  tlie  side 
of  a  bluff.  But  in  pfeneral  the  cliaracteristics  of  the  river  are  those 
simply  of  a  drainage  channtd,  carrying  oil'  th»?  surplus  waters  of  the 
re^on.  It  is  commonly  termed  tlie  Otter  Tail  creek  above  the  lake. 
Below  Otter  Tail  lake  the  lied  river  assumc^s  a  somewhat  differ- 
ent character.  Having  received  in  the  lake  itself  two  important 
affluents,  it  flows  out  at  the  southern  extremity  a  swift,  strong 
current  Ijetween  moderately  high  l)luffs. 

The  country  through  which  the  river  winds  is  exceedingly  hilly 
and  rough.  The  morainic  dej>osits  are  comj)osed  of  clay,  sand  aiifl 
gravel,  and  the  river  eroding  the  si(h»s  of  these  hills  and  blutts,  l)t*- 
conies  colored  by  the  eartliy  matter  lield  in  susp<nision,  so  that  it 
LS  milky  or  whitish-yellow  in  appearance.  It  passes  through  three 
or  four  lakes  whicli  are  little  more  than  expansions  of  the  river 
where  the  conformation  of  the  surface  favored  the  spreading  out 
of  the  wat^r.  Owen  finds  ten  of  these  lakes,  but  some  of  tlu-m 
must  have  disappeared,  for  at  pres<»nt  there  are  only  three  or  four 
places  that  can  claim  that  distinction.  The  descent  is  (piite  ap- 
preciable and  the  current  generally  ra[)id.  In  fairly  high  water 
the  river  rushes  along  with  great  power,  and  a  ride  in  a  batteau  is 
an  exhilarating  pleasure.  The  fall  from  Otter  Tail  lake  to  Fergus 
Falls  is  144  feet,  the  elevation  at  Fergus  being  1,181  feet  above 
the  sea.  The  general  course  of  the  river,  as  may  be  seen  by  a 
glance  at  the  map,  is  generally  southwest,  but  meantime  the  wind- 
ings of  the  channel  direct  its  current  toward  nearly  every  poiiit 
•of  the  compass.  Its  flood-])lain  as  a  rule  is  coextensive  with  its 
valley,  which  has  been  entirely  eroded  ap])arently  by  the  present 
river. 

The  LSikes. 

The  lakes  of  Minnesota  form  a  very  conspicuous  feature  of  our 
natural  scenery.  The  traveller  from  his  car  window  enjoys 
glimpses  of  their  quiet  beauty  as  they  lie  nestled  among  the  trees 
or  shimmering  in  the  sunlight  on  the  Inroad  prairie.  Hundreds  of 
Tisitors  annually  make  a  pilgrimage  to  their  shady  shores  to  find 
rest  and  health  and  recreation.  The  multitude  and  variety  of 
these  fresh  water  deposits,  and  the  influence  they  have  on  the  life 
and  health  of  the  people  call  for  a  more  minute  description  and 
extended  notice  of  them  than  is  usual  in  works  of  this  kind. 
17 
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Number  of  Lakes. 

The  number  of  lakes  in  Minnesota  is  variouslj  estimated  at 
from  seven  to  ten  thousand.  The  latter  number  is  not  too  high  if 
all  the  lakes  in  the  unsurveyed  northern  portion  of  the  State  are 
reckoned  in.  In  ascertaining  the  number  o^  lakes  in  a  given 
county,  one  must  decide  first  what  shall  be  included  under  the 
term  "  lake."  There  are  broad  shallow  areas  of  water  some  eight 
feet  deep,  nearly  filled  with  reeds  and  rushes.  There  are  small 
round  or  oval  depressions  in  the  prairie,  having  no  inlet  or  outlet^ 
which  in  this  State  are  included  under  the  general  term  lake. 

If  we  embrace  everything  which  land  surveyors  and  map-makers 
have  considered  of  sufficient  importance  to  be  delineated  on  their 
maps,  we  have  a  total  number  of  3769  lakes  of  all  sizes.  But  the 
region  where  lakes  are  most  numerous,  the  northern  and  north- 
eastern portions  of  the  State,  has  been  only  partially  surveyed, 
and  there  are  no  accurate  maps  of  the  country  published.  But 
from  such  information  and  data  as  we  have,  we  have  no  hesi- 
tation in  saying  that  there  are  within  the  limits  of  the  State 
more  than  double  the  number  of  lakes  already  counted. 
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THE  LAKES  OP    MINNESOTA    AND    THEIR    DISTRIBUTION    ACCORDING 

TO    ANDREAS'   ATLAS,  By   W.    UPHAM. 
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Total  of  all  sizes  (m  AndreiLs'  AtliLs,  3759. 

Including  the  lakes  crossed  by  S.  and  K.  county  boundaries  ;  but  not  those  crossed  on 
N.  and  W. 
*Lakc  Pepin,  &c.    ^Besides  a  mill  pond.    +L.  of  Woods. 

Our  lakes  may  be  classified  according  to  the  character  of  their 
basins  and  the  causes  which  have  produced  them,  as  follows: 

A.  The  glacial  or  drift  lakes,  which  occupy  depressions,  chiefly 
within  the  morainic  area,  between  the  hills  of  drift  material 
Many  of  these  lakes  are  very  small  and  have  no  outlets.  This 
class  comprises  the  great  majority  of  our  lakes. 

B.  The  fluviatile  or  river  lakes  which  occupy  basins  on  the 
coarse  of  rivers  or  >vithin  their  valleys.  Sometimes  they  are  lar 
goons,  marking  the  site  of  an  jmcient  river-bed;  sometimes  they 
are  enlargements  of  the  river  channel.     Their  number  in  this 
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State  is  quite  limited.     Not  infrequently  a  lake  seems  to  belong  to 
both  these  classes. 

C.  Lakes  having  rock  basins,  which  have  been  formed  (1),  by 
erosion,  the  glacier  scooping  out  the  softer  rocks  and  leaving  a 
channel  or  trough  which  has  subsequently  been  filled  by  water,  or 
(2),  by  the  geological  relations  of  different  formations,  which  are 
tilted  or  otherwise  disposed  so  as  to  leave  a  rocky  basin. 

The  drift  or  glacial  lakes  are  distinguished  from  each  other  in 
respect  to  the  quality  of  the  water.  In  some,  especially  those 
without  drainage,  lying  in  a  clay  soil  and  receiving  their  supplies 
from  the  adjacent  watershed,  the  water  is  alkaline. 

In  those  lakes,  the  shores  of  which  are  composed  chiefly  of  sand 
and  gravel,  and  which  have  free  drainage,  receiving  their  supplies 
by  several  creeks  or  inlets,  the  water  is  comparatively  free  from 
alkaline  properties.  It  is  the  character  of  the  soil  which  consti- 
tutes the  water-sheds  of  a  lake  or  river  that  determines  the  quality 
of  the  water.  In  the  northeastern  j)ortion  of  the  state,  which  is 
crowded  with  lakes  and  no  inlets,  the  water  is  comparatively  free 
from  mineral  impurities.  Sometimes,  as  in  that  of  the  St.  Louis 
river,  the  water  is  a  dark  wine  color,  caused  by  the  leeching  of  the 
rainfall  through  spruce  and  tamarack  swamps  which  the  river 
drains.  The  soil  in  this  region  is  mainly  silicious.  As  quartz  is 
soluble  in  rainwater,  the  rainfall  comes  to  the  creeks  and  lakes  not 
nearly  pure,  or  colored  only  by  some  vegetable  extracts. 

The  great  lacustrine  areas  of  our  globe  are  north  of  the  45®of 
latitude.  Comparatively  few  important  lakes  lie  south  of  this  par- 
allel in  either  hemisphere.  By  reference  to  the  atlas,  it  may  be 
seen  that  the  lake  regions  of  the  earth  are  coextensive  with  the 
drift  regions;  that  the  countries  which  were  once  covered  by  the 
glaciers  are  the  ones  which  now  abound  in  lakes.  Sweden  and 
Switzerland,  and  Scotland  and  Ireland  are  examples  in  Europe. 

In  North  America,  the  lacustrine  area  extends  in  a  broad  belt 
from  MacKenzie's  River  southeastward  to  the  Newfoundland.  It 
includes  the  St.  Lawrence  system  and  the  vast  inland  seas  of  Brit- 
ish America,  of  which  so  little  is  known.  Although  these  lakes 
belong  to  diflerent  river-systems,  and  vary  widely  in  their  geologi- 
cal relations,  they  have,  I  think,  a  unity  of  origin,  and  serve  a  sim- 
ilar purpose  in  the  economy  of  nature. 

Our  Minnesota  lakes  lie  on  the  southern  margin  of  this  area. 
There  is  a  fixed  relation  between  them  and  the  morainic  deposit  in 
which  they  lie.  They  are  most  numerous  where  the  evidences  of 
glacial   action   are   most  abundant.      The  position  of  the  great 
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morame  might  be  traced  from  the  northern  bounkary  of  the  state, 
south  and  southeastward  through  Beltrami,  Becker,  Ottertail, 
Douglas,  Pope,  Kandiyohi,  Stearns,  Wright,  Hennepin,  Carver  and 
LeSueur,  and  south  into  Iowa,  by  the  number  of  lakes  which 
adorn  the  surface  of  these  counties.  It  should  be  carefully  noted 
that  outside  the  limits  of  the  morainic  area,  lakes  are  few,  while 
within  those  limits,  they  are  numerous.  The  northeastern  part  of 
the  state  also  contains  a  vast  number  and  variety  of  inland  watei's, 
some  of  them  tributary  to  the  St.  Lawrence,  and  others  to  the 
Mississippi.  These  lakes  are,  many  of  them,  of  a  different  charac- 
ter, having  rock  basins,  occupying  clefts  and  troughs  between  differ 
entgeological  formations. 

ORIGIN   OF  THE   LAKES. 

The  most  uninstructed  observer  can  see  that  large  areas  of  the 
State  now  utilized  as  meadow-land,  or  under  cultivation,  were  at 
no  very  distant  day  under  water.  The  process  of  converting  sliJil- 
low  lakes  into  swamps  or  sloughs,  and  these  into  solid,  dry  land, 
has  been  going  on  for  ages,  and  is  constantly  taking  place  under 
onr  eyes.  It  is  still  more  evident  to  the  scientiiic  observer  that 
nearly  the  whole  State  was  covered  by  an  ice-sheet  or  "glacier. 
The  evidence  on  which  this  theory  is  foimded,  will  be  found  in 
another  chapter. 

It  is  only  necessary  to  remark  here,  that  the  surface  features  of 
our  State  with  which  we  are  all  familiar,  hill  and  valley,  river 
courses,  lakes  and  prairie  undulations,  wore  determined  either  dur- 
ing or  subsequent  to  the  glacial  epoch.  The  lakes  especially,  are 
intimately  related  in  a  geological  sense,  to  the  glacial  deposits. 
They  were  formed  and  their  positions  determined,  by  the  sarue 
causes  which  pro^luced  the  drift  hills.  One  is  as  old  as  the  other. 
They  are  both  the  children  of  the  glacier.  The  principal  hills  of 
this  State  lie  within  the  morainic  area  which  marks  the  retreat 
and  melting  of  the  ice-sheet.  Here  also  in  great  numbers  and 
beauty,  the  lakes  are  found,  nestled  in  the  intervening  valleys, 
occupying  the  hollows  and  depre^^sions.  Whence  arises  this  com- 
panionship, which  gives  so  much  variety  and  loveliness  to  the 
scenery. 

Let  us  try  to  imagine  the  condition  of  affairs  during  the  closing 
of  the  glacial  period  in  this  State.  The  great  ice  mantle  is  slowly 
dissolving  before  the  gentle  assaults  of  a  milder  climate.  Its  re- 
treat is  not  rapid,  and  is  frequently  inter upted  for  a  time  by  the 


252  ANNUAL  BEPOBT. 

return  of  winter.  Some  portions  of  the  glacier  are  more  heavily 
loaded  with  the  material  of  which  our  hills  are  composed,  than 
others.  These  parts  melt  faster  than  the  purer  ice.  The  result  is 
that  cakes  of  comparativly  clear  ice  lie  between  the  great  dark  ac- 
cumulations of  gravel,  boulders,  sand  and  clay.  Torrents  of  water, 
caused  by  the  melting,  flow  from  the  foot  of  the  glacier  which  fill 
up  every  depression  and  nook  of  every  sort.  These  are  constantly 
at  work  modifying  and  rearranging  the  materials  which  the  ice 
has  deposited.  Only  superficial  portions  of  this  material  are  sub- 
ject to  this  modification  by  water.  The  deeper  deposits,  the  tno- 
raine  profande  is  undisturbed.  The  coarser  gravels  and  boulders  are 
only  slightly  stirred,  and  arranged  in  a  rude  stratification  or  thrown 
pell-mell  into  some  cavity  in  the  clay.  The  finer  gravels  and 
coarse  sand  are  carried  further  and  spread  out  in  thin  layers  on 
some  old  flood  plain,  while  the  lighter  and  finer  sands  are  carried 
by  the  great  flow  of  water  far  down  into  the  river  valleys.  Over 
all  hung  clouds  and  mist,  while  descending  rains  and  fierce  winds 
swept  over  the  wild  and  dismal  scene.  But  at  last  all  this  comes 
to  an  end.  The  glacier  is  melted.  The  surplus  water  is  carried 
away.  The  hills  with  their  softly  rounded  outlines  and  steep 
slopes,  stand  forth  clothed  in  verdure,  while  around  their  bases, 
a^^d  filling  the  deeper  depressions,  the  lakes,  somewhat  in  their 
present  form,  though  deeper  and  larger,  are  all  that  remain  of  the 
glacial  flood. 

• 

CAUSE  OF  PERMANENCY. 

Our  lakes  have  remained  a  fixed  feature  of  the  landscjipe  since 
gla(nal  times,  for  the  reason  that  the  slope  of  the  watershed  is  so 
slight  and  the  erosion  by  rivers  and  outlets  so  little.  When  a  de- 
pression in  the  earth's  surface  is  once  filled  with  water,  it  remains 
a  permanent  lake  so  long  as  the  drainage  and  evaporation  do  not 
exceed  the  amount  of  water  received  from  the  rainfall  and  other 
supply  sources. 

The  character  of  the  basins  of  the  glacial  lakes  of  Minnesota 
also  tends  to  secure  permanency.  The  sloj>e  of  the  bottom  from 
the  shore  toward  the  center  of  the  lake  is  usually  very  gradual. 
The  deepest  water  is  generally  found  about  the  center.  Many 
lakes  lie  in  separate  basins  connected  by  a  narrow  channel.  The 
clay  which  constitutes  the  bottom  of  a  large  number  of  lakes  is 
very  hard  and  compact.  The  blue  clay  especially  is  almost  imper- 
vious.    These  conditions  combine  to  hold  the  supply  of  water  se- 
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curely.  It  follows  from  these  considerations  that  the  lakes,  when 
once  formed,  must  remain,  since  the  agencies  tending  to  destroy 
them  are  not  equal  to  the  sources  of  supply  and  stability. 

Moreover,  it  is  evident  from  a  careful  consideration  of  a  multi- 
tude of  lake  basins,  that  the  annual  mean  rainfall  has  been  for  a 
long  period  about  what  it  now  is;  that  the  lakes  received  more  of 
that  rainfall  than  they  now  do.  The  loss  by  evaporation  and 
drainage  together  did  greatly  exceed  the  su]>ply.  The  lakes  very 
generally  held  their  o\vn  or  receded  very  slowly  from  their  ancient 
levels. 

Our  lake  shores  are  rude  meteorological  registers.  They  show 
that  the  same  conditions  of  climate,  of  cold  and  heat,  of  moisture 
and  dryness,  that  exist  now,  have  prevailed  for  centuries.  A  lake 
once  formed,  remains  at  a  constant  mean  height,  so  long  as  the 
agencies  tending  to  destroy  it  are  counterbalanced  by  steady  sources 
of  supply. 

CAUSES  WHICH  OPERATE  TO   DIMIIflSH   THE   NUMBER  AND   SIZE 

OF  OUR   LAKES. 

It  is,  however,  beyond  question  that  the  j>resent  tendency  of 
our  lakes  is  to  retreat  within  narrower  compass.  A  very  wet  sea- 
son brings  them  up  for  a  short  time  to  the  vicinity  of  the  old  high 
water  mark,  but  they  never  reach  it,  and  they  quickly  recede  again 
to  their  usual  low  levels.  The  shallow  lakes  which  have  no  visible 
inlet  or  outlet  are  slowly  drying  up.  Those  which  form  a  part  of 
some  river  system,  which  receive  the  drainage  of  some  lakes  or  have 
other  regular  sources  of  supply  will  maintain  their  j)resent  level 
indefinitely.  But  there  are  a  large  number  of  shallow  lakes  which 
are  rapidly  being  transformed  into  mai-shes.  In  a  few  generations, 
probably,  they  will  become  excellent  meadows. 

Among  the  causes  which  co-operate  to  produce  this  change,  the 
agency  of  man  is  perhaps  the  most  ]iowerfiil.  l^efore  the  settle- 
ment of  the  country  the  hikes  and  streams  received  a  larger  share 
of  rain  fall  directly.  The  undisturbed  ])rairie  sod  sheds  water  al- 
most as  well  as  the  roof  of  n  house.  Anv  one  who  has  driven  over 
the  unbroken  rolling  prairie  in  a  wet  June  and  on  a  rainy  day 
when  the  pools  are  jfull  has  seen  the  water  rushing  along  over 
grassy  hollows  and  in  gentle  depressions  where  no  water-course 
would  be  suspected  in  a  dry  season.  Thus,  when  nature  operated 
without  interference,  the  rainfall  speedily  found  its  way  over  the 
grassy  prairie  sod  into  the  lakes.     But  when  then  the  farmer  came 
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with  his  plow  and  tore  up  the  sod  and  cultivated  th^  fields  the 
water  remained  nearly  where  it  fell  and  the  lakes  also  "fell"  cor- 
respondingly. Their  supplies  were  cut  off  in  every-  direction  by 
the  growing  crops  which  formerly  found  their  way  directly  into  the 
lakes  and  streams. 

The  growth  of  water-plants  and  reeds  also  tends  to  fill  up  the 
lakes.  The  bottom  of  nearly  all  the  shallow  lakes  is  covered  by  a 
thick  matting  of  trailing  plants,  some  of  which  are  interesting  and 
beautiful.  Nothing  can  be  more  graceful  than  this  sub-aqueous 
vegetation.  Leaning  from  the  side  of  a  boat  on  a  calm  day  in 
summer  one  may  feast  his  eyes  on  little  and  delicate  forms  of 
beauty  growing  in  minature  forests  and  jungles,  where  the  larger 
bass  and  walleyed  pike  love  to  lie  in  cool  and  shady  seclusion. 
But  all  this  luxuriance  of  vegetation  tends  to  transform  the 
lake  which  covers  and  protects  it  into  an  unlovely  morass. 

There  is  no  evidence,  and  we  have  not  the  data  on  which  to  base 
a  conclusion,  that  the  rainfall  a  century  ago  in  Minnesota  was 
greater  than  it  is  now.  But  the  lakes  are  certainly  drying  up. 
The  rate  of  the  recession  of  the  water  is  greater  since  the  advent  of 
civilization  than  it  was  before.  The  rainfall  continues  about  the 
same  since  1836  when  observations  were  first  taken  at  Ft.  Snelling. 

The  inference  is  that  a  smaller  share  of  the  rainfall  reaches  the 
lakes  now  than  formerly.  It  is  absorbed  by  the  growing  crops. 
It  has  been  ascertained  by  careful  measurements  and  repeated 
experiments  in  France  that  it  requires  the  expenditure  of  from 
800  to  2,400  pounds  of  water  to  produce  one  pound  of  wheat. 
When  the  ground  is  rich  in  the  chemical  constituents  of  the  grain 
less  water  is  required.  This  may  account  for  the  fact  that  the 
lands  in  the  Red  River  Valley,  where  the  mean  annual  rainfall  is 
only  17  inches,  produces  30  to  30  bushels  per  acre.  Where  the 
soil  is  inferior,  as  much  as  15  inches  is  required  between  seed 
time  and  harvest  by  a  crop  of  wheat  or  oats. 

ACTION   OF  ICE   ON   LAKE  SHORES. 

r 

One  of  the  constantly  recurring  features  of  the  shores  of  most 
lakes  is  a  low  ridge  or  embankment  of  sand,  gravel  and  boulders, 
running  parallel  with  the  water  line,  and  distant  from  it  from  ten 
to  sixty  feet.  Sometimes  there  are  three  or  four  of  these  ridges, 
at  various  distances  from  the  water.  The  outer  one,  if  undis- 
turbed, is  the  highest  and  not  uncommonly  supports  trees  of  large 
size.     These  ''  embankments,"  or  ''walls"  as  they  have  been  called, 
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have  excited  the  curiosity  of  people  a  good  deal  and  there  has  been 
mach  lively  sjicculation  as  to  their  origin.  Some  have  supposed 
thev  were  thrown  up  by  the  primitive  inhabitants  of  these  lands 
— whoever  they  were — for  roads.  But  a  very  little  attention  to 
facts  is  sufiScient  to  convince  any  one  that  these  ridges  are  due  to 
the  action  of  ice,  aided,  in  some  cases,  by  the  high  winds  and  waves 
of  early  spring.  When  the  lake  freezes  in  winter,  the  shallow 
parts  about  the  shore  freeze  first.  The  ice  takes  up  in  its  frigid 
grasp  all  loose  stones,  pebbles,  grains  of  sand  and  dirt  lying  at  the 
bottom  and  around  the  margin  of  the  water.  But  this  shore-ice  is 
not  permitted  to  remain  in  the  position  where  it  was  formed.  A 
mechanical  pressure  is  brought  to  l>ear  on  it  by  the  further  freez- 
ing of  the  surface  of  the  lake.  It  is  lifted  and  pushed  up  on  to 
the  beach  by  expansive  force  of  freezing  water. 

The  phenomena  of  the  formation  and  effects  of  lake-ice  are  so 
interesting  that  a  brief  account  of  them  is  given  with  a  view  not 
only  of  explaining  the  walls  and  ridges  about  our  lake-shores,  but 
with  the  hope  of  inducing  those  whose  good  fortune  it  is  to  reside 
near  a  lake,  to  observe  more  closely  the  facts  and  phenomena  for 
themselves. 

PHENOMENA   OF  FREEZING. 

To  take  a  special  ease.  Lake  Minnetonka  froze  over  in  Novem- 
ber, 1880,  earlier  and  more  suddenly  than  is  usual.  The  first  ice 
formed  around  the  edges  of  bays  on  Novemlx.»r  7th.  Several  days 
of  stormy  weather,  rain,  snow  and  northwest  wind,  followed,  and 
the  lake  was  very  rough,  nevertheless  the  ice  continued  forming 
more  and  more  in  the  bays.  The  tem])erature  of  water  at  the  sur- 
face was  continually  falling.  On  the  fii*st  of  November  it  was 
45®  F.,  and  on  the  16th  it  wits  37^.  Then  came  a  storm  and 
very  cold  weather.  The  thermometer  registered  7^  below  zero  on 
the  morning  of  the  17th.  Excelsior  bay  and  Gideon's  bay  froze 
over,  and  on  the  19th  the  entire  lake  was  covered  with  ice,  the 
thickness  being  six  inches  about  the  shores  and  two  inches  further 
out.  During  the  night  on  the  20th  inst.,  the  ice  cracked  in 
many  places  with  a  loud  rei)ort.  Exquisite  ice-ilowers,  sometimes 
an  inch  broad,  appearing  like  a  miniature  forest,  were  very 
nomerous.  These  are  all  modifications  of  the  typical,  six-rayed 
ice-star. 

I  have  given  this  brief  account  of  the  sudden  freezing  over  of 
one  of  the  largest  of  our  lakes  in  the  middle  of  November  because 
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it  is  an  illustration  of  what  took  place  on  all  the  10,000  lakes  at 
the  same  time. 

It  is  a  well  known  principle  that  frozen  water  requires  more 
space  than  the  same  amount  did  in  the  liquid  form.  Water  in 
freezing  expands. 

Water  attains  its  maximum  density  at  39°  Fah.  Below  this 
point  it  expands.  At  32®  fah.  it  begins  to  turn  into  crystals  of 
ice,  which  float  on  the  surface  because  comparatively  lighter  than 
the  water.  At  32®  the  expansion  by  cold  terminates,  but  in  the 
final  act  of  solidification  the  expansion  or  increase  of  bulk  is  sud- 
den and  irresistible.  Conceive  of  a  large  lake  like  Minnetonka 
freezing  over  to  a  depth  of  two  to  six  inches  in  twenty-four  hours. 
A  vast  quantity  of  water  is  turned  into  ice  every  hour.  The  ex- 
pansive force  of  the  crystalizing  water  is  exerted  in  every  direc- 
tion at  once.  The  strain  is  tremendous.  The  ice  cracks  and  loud 
reports  are  the  accompaniment  and  evidence  of  this  action. 

As  the  cold  of  winter  continues  and  increases,  the  ice  becomes 
thicker  and  the  increase  of  bulk  continues  to  demand  room.  The 
ice  in  the  borders  of  the  lake  is  now  pushed  by  inherent  force  of 
the  great  mass  up  on  to  the  shores,  carrying  with  it  rocks,  pebbles, 
and  whatever  it  may  have  caught  in  its  grasp.  The  broken  ice  on 
the  edges  of  the  lakes  is  a  familiar  sight.  The  causes  which  pro- 
duce these  phenomena  are  here  indicated. 

In  these  low  embankments  or  ridges  of  gravel  and  sand  about 
the  shores  of  lakes,  we  see  the  effects  of  years,  perhaps  of  centuries, 
of  ice  action.  When  the  lake  stood  at  a  higher  level  than  it  now 
has,  the  ridge  most  remote  from  the  present  shore,  was  slowly 
formed  by  causes  identical  with  those  now  at  work.  Year  after 
year  the  ice  crowds  upon  the  shore  with  its  weight  of  sand  and 
gravel,  here  from  the  bed  of  the  lake.  Winds  and  high  waves  as- 
sist in  the  process  and  thus,  in  the  course  of  successive  seasons, 
a  very  large  accumulation  of  material  is  formed. 

The  line  of  boulders  along  the  shores  of  some  lakes,  deposited 
with  an  apparent  regularity  that  makes  them  resemble,  at  a  little 
distance,  a  low  stone  wall,  is  due  to  the  action  of  ice.  These  boul- 
ders are  scattered  through  the  drift  formation,  which  constitutes 
usually  both  the  shores  and  the  bed  of  the  lake.  Where  the  shores 
are  high  and  abrupt,  the  boulders  sometimes  fall  from  above  into 
the  lake.  Whenever  a  loose  stone  comes  within  reach  of  ice  it  is 
taken  and  moved  about,  lifted  up  and  shoved  upon  its  fellows. 
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Value  and  Utility  of  Lakes, 

The  value  and  utility  of  our  lakes  are  not  to  )3e  computed  ac- 
cording to  the  market  price  of  the  land  adjoining.  They  consti- 
tute together  a  natural  feature  of  the  state  which,  like  the  salu- 
brious and  invigorating  climate,  the  fertile  soil  and  vast  forests, 
is  a  part  of  the  common  wealth.  No  matter  who  owns  the  adja- 
-cent  acres,  the  lakes  themselves  are  public  property,  and  we  are  all 
richer  and  happier  because  they  are  here.  The>^  have  however  a 
•definite  utility  in  two  or  three  respects  that  demand  mention. 

1.  The  sanitary  or  hygienic  value  of  our  lakes  sliould  be  recog- 
nized. Whatever  contributes  to  promote  the  health  and  happiness 
of  the  people,  is  important.  The  lakes  furnish  a  constant  oppor- 
tunity and  temptation  to  the  residents  both  of  city  and  country 
to  take  hours  of  healthful  exercise  and  recreation.  They  are  usu- 
ally well  stocked  with  fish,  and  haunted  duiing  tlie  autumn  months 
by  myriads  of  wild  fowls.  Aside  from  their  attractions  for  the 
sportsmen,  there  is,  for  all  classes  of  people,  a  relaxation  from 
mental  and  physical  strain,  a  wholesome  pleasure,  a  recuperation 
xmd  invigorating  eftect  produced  l»y  sj)entliug  a  few  weeks  or  even 
a  few  days  on  and  about  these  lakes.  Health  is  capital;  and  be- 
yond question,  our  people  derive  from  these  crystal  w^aters  a  fund 
of  enjoyment  and  vitality  which  materially  augments  the  prosper- 
ity of  the  State. 

But  the  charms  and  benefits  of  the  lakes  of  Minnesota  are  re- 
cognized and  appreciated  quite  as  much  l)y  the  citizens  of  other 
States  as  by  our  own  peo[)le.  Every  summer,  in  very  increasing 
numbers,  they  come  from  nil  ])arts  of  the  Mississippi  valley,  from 
New  Orleans,  from  Memphis,  from  St.  Louis  and  elsewhere  to  find  a 
stimulating  climate  and  healthful  recreation  at  our  lakeside  resorts. 
And  what  an  immense  number  of  such  resorts  there  are  which 
are  unoccupied.  Tlie  capacity  of  Minnesota  to  set  forth  tMiter- 
tainment  in  this  line,  is  inexhaustible.  Thousands  of  beautiful  hikes 
scattered  over  the  whole  lake  district  invite  the  tourist,  the  sports- 
men and  visitor  to  their  shores.  There  is  room  for  all.  We 
might  almost  say  that  there  is  a  lake  for  each  one.  When  the  re- 
sources and  beauties  of  our  inland  lakes  become  more  widel  v  known, 
their  practical  value  as  a  source  of  income  to  our  citizens  will  be 
better  appreciated.  To  makt*  these  lakes  more  accessible  to  pro- 
vide boats  and  comfortable  houses  of  entertainment,  is  one  of 
the  natural  and  legitimate  industries  open  to  our  people. 

2.  The  climate  is  modified  to  some  extent,  l)y  the  lakes.     Dur- 


268  ANNUAL  REPORT. 

ing  the  summer  these  small  bodies  of  water  become  reservoirs  of 
heat.  The  temperature  of  the  lakes  during  the  summer  months, 
as  determined  by  repeated  observation,  is  about  75^  Fah.  The 
whole  mass  of  water  is  heated  alike;  the  temperature  of  most  lakes 
at  the  bottom  is  the  same,  nearly,  as  the  top.  The  capacity  of 
water  for  absorbing  and  retaining  heat  is  well-known. 

During  the  summer,  heat  is  absorbed  from  the  direct  rays  of  the 
sun.  During  the  fall,  up  to  the  hour  when  the  lake  freezes  over, 
this  heat  is  slowly  given  off  and  exerts  a  sensible  influence  on  the 
surrounding  atmosphere.  Gardens  and  vines  favorably  situated  on 
a  lake  side  escape  the  frosts  of  autumn  longer  than  others. 
No  doubt  the  transition  from  summer  to  winter  would  be  more 
abrupt  and  severe  but  for  the  large  amount  of  heat  latent  in  water 
which  is  given  off  in  freezing.  ''Every  ton  of  water  converted 
into  ice  gives  out  and  diffuses  in  the  surrounding  atmosphere  as 
much  heat  as  would  be  required  to  raise  a  ton  of  water  from  32^ 
to  174^  F." 

3.  In  many  instances  lakes  have  been  utilized  as  reservoirs 
from  which  to  draw  supplies  for  mills  and  factories  as  necessity 
requires. 

By  constructing  dams  at  the  outlets  a  vast  amount  of  water  may 
be  stored  during  the  spring  and  early  summer  in  these  natural 
reservoirs.  The  value  of  water  powers  may  thus  be  greatly  in- 
creased. Among  the  plans  contemplated  by  our  national  govern- 
ment for  the  improvement  of  navigation  on  the  Mississippi  river  is 
that  known  as  the  "reservoir  system.''  It  is  nothing  more  than 
the  utilization  of  the  lakes  and  marshes  of  the  upper  Mississippi 
above  Pokegama  Falls,  for  the  purpose  of  storing  water  during  the 
winter  and  spring,  up  to  July  1st,  so  as  to  maintain  during  the 
season  of  low  water  from  July  to  November  a  steady  stage  of 
water  at  St.  Paul  and  below,  sufficient  for  all  purposes  of  navigation. 
A  further  account  of  this  proposed  system  of  reservoirs  is  given 
on  another  page  in  the  section  describing  the  headwaters  of  the 
Mississippi. 

Although  with  few  exceptions  lakes  are  distributed  in  all  parts 
of  our  State  they  are  far  more  numerous  and  interesting  in  the 
central  and  northern  counties.  The  belt  of  country,  which  by  rea- 
son of  the  great  number  and  beauty  of  its  lakes  deserves  the  name 
of  the  Lake  District^  begins  with  lake  Minnetonka,  in  Hennepin 
county,  and  extends  northwest  to  the  northern  line  of  Becker 
county.  The  district  is  from  30  to  50  miles  wide.  It  is  bounded 
on  the  south  by  the  Breckinridge  division  of  the  St.  P.  M.,  &  M. 
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R.  R.,  while  the  Fergus  Falls  division  of  the  same  road  passes 
directly  through  it.  The  Northern  Pacific  R.  R.  passes  through 
the  northern  limits  of  the  district. 

Another  lake  district  exceeding  in  extent  of  territory  and  in  the 
number  of  lakes  the  one  described  a])ove,  begins  in  Becker  county 
and  extends  east  and  northeast  through  Ciiss,  Itasca,  St.  Louis,  Lake 
and  Cook  counties  to  the  chain  of  lakes  which  constitutes  the 
boundary  line  between  the  U.  S.  and  Canada.  In  this  district  lie 
the  head  waters  of  the  Mississippi,  the  Red  River  of  the  North 
and  the  St.  Louis  river.  These  lakes  will  Ix^  described  when  we 
■come  to  consider  the  hydrograj>hical  ba.sins  of  the  rivers  in  which 
they  are  situated. 

At  present  we  will  give  an  account  of  the  lakes  in  the  first  dis- 
trict mentioned,  which  lie  partly  in  the  water-shed  of  the  Missis- 
sippi and  partly  in  iluit  of  the  Red  River.  For  the  puqmse  of 
assisting  those  wlio  are  not  familiar  with  the  geographical  ]»osition 
of  the  lakes  to  locate  them  readily  on  the  map,  I  shall  describe 
the  lakes  in  the  sev<jral  counties  of  the  district. 

Lake  Minnetonka  is  one  of  the  largest,  as  it  certainly  is  the 

most  widely  knowji  and  celel)rated,  of  our  lakes.     On  account  of 

its  accessibility  it   mono])olizes   the  admiration  which  would  be 

shared  by  other  lakes  equally  charming,  but  for  their  remoteness 

from  railroads  and  large  cities.     There  is,  however,  no  lake  in  the 

State  that  excels  Minnetonka  in  that  general  attractiveness,  which 

is  a  happy  combination  of  clear,  wholesome  waters,  hard,  pebbly 

and  sandy  beaches,  sliad}',  wooded  shores  with  irregular  outlines 

and  unequal  heights,  jioints,  promtrntories,  islands,  bays,  in  short, 

a  delightful  interlocking  of  land  and  water. 

The  lake  occupies  a  series  of  dei)ressions  in  the  great  moraine, 

which  at  this  ]>r)iut  bends  south,  and  extends  down  into  Iowa. 
Minnetonka  is  a  name  Avhich  includes  a  cluster  of  bays  and  lakes 
more  or  less  connected  together  by  shallow  straits.  The  upper 
and  lower  lakes  are  quite  distinct,  only  a  narrow  and  crooked  chan- 
nel uniting  them,  which  hius  now,  however,  been  straightened  and 
deepened  to  allow  the  ])assage  of  steamboats. 

A  little  attention  to  ancient  water  marks  and  ice  action  about 
the  shores,  will  convince  the  close  observer  that  the  level  of  the 
lake  was  formerly  much  higher  than  it  is  now.  There  was  once 
a  broad,  though  }>robably  rather  shallow,  belt  of  water  between  the 
tipper  and  lower  lakes,  which  is  now  so  tilled  with  rushes  and  reeds 
and  grasses  that  it  has  become  a  morass.  All  about  the  shores  are 
:swampy  places,  some  of  which  have  become  almost  dry  land,  where 
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the  lake  once  held  undisputed  possession.  Many  lakelets  which 
now  have  no  connection  with  the  main  body  of  the  lake,  except 
perhaps  in  time  of  very  high  water,  were  at  one  time  arms  or 
branches  with  clearly  marked  water  communications.  The  former 
level  of  the  lake  was  probably  five  or  six  feet  above  the  high  water 
mark  of  the  present|  time.  A  remarkably  fine  lake,  however,  re- 
mains, and  one  which  is  in  no  immediate  danger  of  drying  up, 
although  a  constant  diminution  in  the  area  of  water  surface  is 
going  on.  The  depth  of  water  varies  greatly  in  different  localities.. 
The  bottom  of  the  lake  is  very  irregular.  There  are  valleys  and 
ridges  beneath  the  surface  of  the  lake  corresponding  to  those  above. 

A  great  number  of  soundings  have  been  taken  and  registered, 
some  of  which  are  given  on  the   maps   which   accompany  this 

report.*     In  the  lower  lake  the  deepest  parts  are  in  the  centre  of  the 

largest  basin,  that  is,  the  area  included  between  the  lower  end  of 

Big  Island,  Starvation  Point,  Lookout  Point  and  Gibson's  Point.^ 

The  depth  in  this  basin  varies  from  40  to  70  feet. 

Brightwood  or  Gale's  Island  is  the  summit  of  a  little  hill  which 
rises  from  50  to  75  feet  above  the  bottom  of  the  valleys  that 
surround  it  on  three  sides. 

Crystal  Bay  is  deep;  both  above  and  below  Cedar  point,  the  water 
fills  a  basin  the  bottom  of  which  is  from  40  to  70  feet  below  the 
shore  line. 

The  upper  lake  is  deepest  between  Halsted's  place  and  Enchant- 
ed island.  The  water  in  the  basin  is  from  50  to  70  feet  deep. 
The  bays  generally  are  shallower,  showing  not  more  than  25  or 
30  feet  of  wattr  usually,  in  the  deeper  parts.  On  the  bars  and 
ridges  there  are  from  4  to  10  feet  of  water. 

Wrifirht  County 

adjoins  Hennepin  on  the  northwest.  It  is  drained  chiefly  by  the- 
Crow  river.  In  the  northern  part  of  the  county,  the  Clearwater 
river,  with  the  lakes  of  which  it  is  the  outlet,  drains  a  considerable 
area.  There  are  160  lakes  within  the  limits  of  the  county,  of 
which  Clearwater  lake  is  one  of  the  largest  and  most  celebrated 
and  attractive  as  a  summer  resort.  It  is  the  lowest  of  a  chain  of 
lakes  on  the  Clearwater  river.  Its  position  makes  it  the  reservoir 
of  the  watershed  of  the  river  above  it  and;  keeps  it  supplied  with 
the  drainage  of  an  extensive  region.  The  quantity  or  volume  of 
water  in  the  lake  therefore  varies  but  little.     It  differs  from  a  large 

*Tlits  map  is  reserved  for  fvlure  publliatlon.. 
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number  of  lakes  which  we  shall  have  occasion  to  describe,  in  main- 
taining a  more  equal  and  constant  height  from  year  to  year. 
A  lake  through  which  a  river  flows,  has  the  conditions  of  a  more 
permanent  and  stable  existence  than  one  which  depends  for  supjily 
only  on  its  own  water-shed. 

The  northern  part  of  the  lake  is  generally  shallower  than  the 
southern.  There  are  large  areas  where  the  water  is  not  more  than 
four  to  six  ffeet  deep  and  aquatic  j)Iants  flourish.  In  the  deeper 
parts  from  25  to  40  feet  of  water  were  found,  and  in  one  place  54 
feet,  but  these  deeper  area^;  were  quite  limited  in  extent.  In  the 
northern  basin  are  two  islands,  covered  with  trees  andshrubs.  They 
are  the  summits  of  little  hills  whose  bases  are  covered  bv  the  lake. 

The  surrounding  country  is  rolling  and  uneven.  Around  the 
southeast  part  of  the  lake  the  shores  rise  abruptly  from  10  to  40 
feet.  At  other  points  the  shore  is  low  and  level.  There  is  com- 
paratively little  marsh  except  whore  former  lakelets  have  suc- 
cumbed to  the  influences  which  are  silently  yet  surely  drying  and 
filling  up  every  lake  in  the  State.  The  inequalities  of  the  lake 
basins,  as  revealed  by  the  sounding  line,  are  only  a  part  of  the  gen- 
eral contour  of  the  surface  of  the  countrv. 

The  lake  is  divided  by  a  bar  into  two  nearly  equal  parts.  The 
bar  is  a  low  ridge  of  gravel,  rising  but  few  inches  above  the  lake 
level.  The  water  on  either  side  for  some  distance  is  shallow,  and 
then  suddenly  falls  off  to  a  depth  of  30  to  50  feet,  show^ing  that 
the  bar  is  the  crest  of  a  hill  or  ridge.  The  channel  at  the  end  of 
the  bar,  connecting  the  two  parts  of  the  lake,  is  from  28  to  38  feet 
deep  and  about  30  to  40  feet  wide.  Thus  there  are  two  distinct 
basins.  The  southern  basin  varies  in  {depth  from  4  to  60  feet. 
The  bottom  is  very  irregular,  in  some  pltices,  as  at  Longworth's 
house,  sloping  gradually  down  and  at  other  points  falling  off 
abruptly.  Some  of  the  deepest  water  is  across  the  lake  from 
Longworth's  and  four  or  five  rods  off  shore.  The  greatest  depth 
measured  was  60  feet,  and  from  30  to  50  feet  were  found  repeatedly. 

Meeker  County 

lies  west  of  Wright,  and  south  of  Stearns.  It  is  drained  by 
the  Crow  river,  the  north  branch  of  which  flows  through 
the  northern  half  of  the  county,  while  the  south  fork  drains 
the  southern  townships.  Between  these  streams,  and  gen- 
erally connected  with  them,  are  a  great  number  of  small  lakes; 


262  AliWUAL  REPORT. 

about  110  in  the  entire  county,  and  as  many  as  170  if  we  include 
the  smallest. 

One  of  the  largest  is  Lake  Ripley  near  Litchfield.  It  is  about 
two  miles  long  and  a  mile  wide.  The  country  around  the  lake  is 
either  level  or  gently  rolling.  The  Litchfield  prairie  is  nearly 
level.  There  is  only  a  difference  of  two  feet  in  elevation  between 
Darwin  and  Litchfield. 

Lake  Ripley 

•occupies  a  very  shallow  depression  in  this  prairie.  The  bottom 
of  the  basin  is  level  and  slopes  very  gradually  down  from  the 
water's  edge,  to  a  depth  of  20  feet. 

There  is  evidence  about  the  shores  that  the  lake  formerly  stood 
at  a  higher  level  than  it  now  reaches,  even  at  high  water.  The 
ancient  shore-line  is  clearly  marked.  There  is  an  accumulation  of 
grfivel  and  boulders  at  several  points,  which  must  have  been  de- 
posited by  the  action  of  ice  and  water,  that  is  from  3  to  5  feet 
above  the  present  level,  and  from  20  to  60  feet  distant  from  the 
present  water  line. 

The  outlet  of  lake  Ripley  in  time  of  high  water  is  into  the  Crow 
river.  It  depends  for  supply,  on  its  own  water  shed  and  the  drain- 
age of  an  extensive  slough  adjacent. 

Lake  Minnabelle 

is  about  six  miles  south  of  Lake  Ripley.  It  has  no  apparent 
outlet.  It  lies  in  a  deep  basin  of  considerable  depth,  and  sur- 
rounded by  a  rolling  prairie  country.  The  greatest  depth 
found  was  43  feet,  in  the  central  part  of  the  lake.  There 
seemed  to  be  quite  a  uniform  depth  of  25  to  40  feet.  The  bottom 
of  this  basin  must  be  in  the  clay,  as  borings  for  wells  near  the  lake 
indicate  that  the  clay  extends  down  for  at  least  90  feet.  This  clay 
at  the  depth  of  90  feet,  became  so  hard  that  the  attempt  to  get 
water,  was  abandoned. 

The  basin  of  Minnabelle  may  be  regarded  as  "water-tight." 
The  evaporation  from  the  surface  is  small  in  proportion  to  the 
whole  amount  of  water  in  the  basin,  and  the  annual  rainfall  keeps 
the  supply  constant. 

Washington  Lake. 

is  near  Darwin  on  the  west  side  of  the  belt  of  timber  known  as 
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the  "big  woods."     It  is  entirely  surrounded  by  forest.     It  has  *» 
area  of  about  4  square  miles,  and  is  supplied  by  the  draina^  of ' 
two  small  lakes  lying  west  of  it  and  constituting  the  headwaters 
of  a  creek,  which  enters  the  Crow  river  l)elow  Kingston. 

The  shores  are  unequal  and  irregular  in  height,  varying  from  6: 
to  30  feet.     The  depths  of  the  lake,  so  far  as  they  could  be  ascer- 
tained, also  vary  from  6  to  18  feet.     Large  area.s  of  the  lake  are 
quite  shallow,  with  a  luxuriance  of  water  plants. 

Kandiyohi  County, 

For  convenience  in  description  the  lakes  in  the  southern  part  of 
this  county  may  be  grouped  together.  They  possess  in  common 
the  characteristics  which  are  noteworthy.  The  surrounding  coun- 
try is  a  gently  rolling  prairie  which  slopes  very  slightly  south  to- 
ward the  Minnesota  valley.  There  are  no  high  hills  or  deep  val- 
leys. The  shores  of  the  lakes  slo])c  very  gradually  to  the  water 
line  or  are  entirely  flat  and  featureless.  The  lakes  are  Lillian.  Big 
Kandiyohi,  Elizal)eth,  Little  Kandiyohi. 

They  are  all  shallow,  varying  in  depth  from  seven  to  twelve  feet 
in  the  deepest  parts.  The  water  is  slightly  yellowish  in  color  and 
alkaline.  They  lie  on  clay  bottoms,  over  which  is  a  thin  deposit 
of  sand.  The  temperature  of  the  water  was  74^  F.  on  the  2{Sth  of 
June,  when  the  temperature  of  the  air  was  Cu^  to  TO'  F.  They 
have  no  large*  inlets  from  perennial  streams.  They  receive  the 
drainage  of  contiguous  sloughs,  and  in  very  high  water  they  form 
a  temporary  outlet  into  the  south  fork  of  the  Crow  river,  which 
has  its  ultimate  sources  in  these  lakes.  There  is  a  difference  of 
only  about  one  foot  between  the  levels  of  tlie^e  lakes.  Kandiyohi 
and  Elizabeth  are  a  trifle  higher  than  Lake  Lillian. 

There  are  no  forests  in  this  part  of  the  county.  There  is  a  fringe 
of  trees  about  the  shores  of  the  lakes  and  some  valuable  gi'oves  of 
oak,  ash,  elm,  box  elder,  biusswood,  poplar  and  a  few  hickory  trees. 
I  also  observed  the  wahoo  growing  here.  In  Lake  Elizabeth  are 
two  islands,  and  on  the  western  side  the  prairie  slopes  down  rather 
abruptly,  giving  a  picturesque  and  pleasing  effect. 

The  lakes  in  the  northern  part  of  Kandiyohi  county  are  of  a 

different  ehanicter.     The  country,  as  a  whole,  is  more  hilly  imd 

uneven.      The  moraine,  traced  by  Mr.  Uphani,  enters  the  county 

from  the  northwest,  and  extends  entirely  through  the  northern 

part.     This  morainic  tract  is   in   some   places,  very   rough    and 

broken.     The  hills  are  from  100  to  150  feet  above  the  lake  levels. 
18 
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Dover  hills  are  about  half  way  between  Willmar  and  Norway  lake. 
The  summit  of  the  highest  commands  a  fine  view,  and  is  about  150 
feet  above  Foot  lake.  Several  other  hill-tops  north  and  west  of 
Green  lake  were  measured  for  altitude  by  me,  and  found  to  be 
from  1200  to  1350  feet  above  the  sea.  One  of  the  highest  of 
these  summits  is  on  the  north  side  of  Green  lake,  and  commands 
a  very  extensive  and  magnificent  view.  It  is  200  feet  above  the 
lake  level. 

In  this  part  of  the  county  there  is  considerable  timber  and 
woodland.  Hundreds  of  acres  are  covered  with  valuable  forest 
trees.  The  principal  varieties  are  oak,  basswood,  elm,  ash,  iron- 
wood,  poplar,  Cottonwood,  hackbeiry  and  box-elder.  Around 
Eagle  lake  there  are  some  butternut  trees.  The  principal  shrubs 
and  small  trees  observed  were  plum  and  cherry  trees,  prickly  ash, 
gooseberry,  wild  currant,  juneberry,  red-raspberry,  black-rasp- 
berry, cornus,  elder,  snowberry  and  wild  grape. 

Although  a  gooil  deal  of  attention  has  been  giv^  to  the  subject 
of  tree-planting  in  this  couaty,  and  some  fine  young  groves  are  to 
be  seen,  yet  the  farmers  as  a  whole  are  painfully  short  sighted 
in  this  respect.  So  long  as  there  is  wood  enough  for  present 
necessities,  no  earnest  eflFort  will  be  made. 

Men  care  little  for  the  future.  They  seem  content  to  live  on 
the  bare,  bleak  prairie  without  a  tree  or  shrub  about  them,  rather 
than  make  the  necessary  effort  to  have  a  thrifty  grove  of  forest 
trees  growing  up  about  them. 

The  old  forests  at  present  are  disappearing  much  faster  than  the 
new  ones  are  growing.  Indeed,  nothing  that  can  ever  be  called  a 
forest  is  attelnpted.  Only  a  few  acres  of  cuttings  are  set  out  here 
and  there.  These  are  in  many  cases  neglected  and  destroyed  by 
drought  or  fire. 

Some  more  vigorous  effort  must  be  made,  either  by  legisla- 
tion or  by  town  and  county  action,  before  this  matter  of  tree  cul- 
ture will  receive  the  earnest  attention  which  its  importance  de- 
mands. 

The  largest  body  of  water  in  the  county  is  Green  lake.  It  is 
about  four  miles  long — east  and  west — by  three  miles  and  a  half 
wide.  It  derived  its  name  from  the  color  of  the  water,  which  at 
times  is  intensely  green,  changing  to  blue,  purple  and  darker  hues. 
The  unceasing  play  of  color  in  the  water  is  one  of  the  great  charms 
of  this  very  beautiful  lake.  The  principal  inlet  is  at  the  northwest 
corner,  where  there  is  a  flour  mill.  The  outlet  is  at  the  north- 
east comer.     It  discharges  into  the  north  fork  of  Crow  river. 
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There  is  a  bar  about  the  middle  of  the  lake  runniiip:  nearly  across. 

I  did  not  sound  the  lake  in  all  its  parts,  but  found  in  the  western 
half  40  to  50  feet  of  water  of  the  purest  ([uality.  The  temperature, 
July  1, 1880,  was:  Air  78'  F,  water  74^  F.  I  did  not  discover  any 
appreciable  diflference  in  temperature  between  the  water  at  the  top 
and  at  the  bottom  of  the  lake. 

Fluctuations  in  the  water  level  appear  to  de])end  on  the  amount 
of  rain-fall.  Within  the  last  ten  years  it  has  been  from  10  to  12 
inches  lower  than  now,  and  also  from  6  to  8  inches  higher,  accord- 
ing to  the  season. 

Green  Lake  lies  m  a  depression  at  the  foot  of  the  moraine  which 
sweeps  away  on  the  north  side  toward  the  east  and  on  the  west 
side  toward  the  south.  Its  position  with  reference  to  these  hills 
and  the  country  north  is  such  that  it  must  remain  a  permanent 
reservoir. 

Its  shores  are  bold  and  abrupt  on  the  north  and  west  sides — more 
level  on  the  east  and  south  sides.  Near  Mr.  Aspen^valfs  the  bluff 
is  forty  to  fifty  feet  above  the  water. 

ACTIOX  OF  ICE  ON  THE  SHORES. 

Beautiful  illustrations  of  the  action  of  ice  in  piling  up  sand  and 
gravel  are  also  to  be  seen  here.  The  ancient  ridge  is  now  a  road- 
way and  has  large  trees  growing  on  it.  It  is  40  to  60  ft.  from  the 
water.  The  most  recent  ridge  is  close  to  the  water's  edge.  Tt  is 
four  or  five  feet  high  and  five  to  eight  feet  wide  at  the  bstse.  It  is 
composed  of  fresh  gravel  and  litis  been  thrown  up  within  the  past 
four  vears. 

Between  Green  lake  and  Willmar  there  is  a  chain  of  lakes. 

Eagle  Lake. 

Of  these  1  shall  only  describe  Eagle  lake,  which  is  about  four 
miles  north  of  Willmar.  It  lies  in  a  depression  at  the  foot  of  a 
spur  of  the  great  moraine.  Its  waters  are  clear  and  sparkling.  Its 
northern  shores  high  and  ])icturesque  and  \vell  wooded.  Some  of 
the  hills  are  from  75  to  100  feet  above  the  lake.  Its  outlet  in  high 
water  is  at  the  south  end,  and  it  drains  into  Swan  and  Foot  Lakes. 

There  are  springs  about  the  northern  shores  and  a  small  inlet 
from  a  slough  or  drained  lake,  on  the  east. 

Its  altitude  above  the  sea  is  about  1125  feet. 
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Foot  lake,  at  Willmar,  is  very  shallow,  and  the  waters  in  sum- 
mer very  impure,  full  of  decaying  vegetable  matter.  It  is  partly 
filled  with  a  vigorous  growth  of  reeds,  and  its  days  as  a  lake  are 
nearly  numbered.  I  sounded  it  in  several  places,  and  found  a  depth 
of  6  to  12  feet.  It  has  receded  from  its  former  limits  very  per- 
ceptiblyjsince  the  town  was  started.  It  is  now  at  least  five  feet 
lower  than  it  was  in  1857. 

Diamond  Lake, 

Diamond  lake  is  a  clear  and  beautiful  sheet  of  water  about  five 
miles  southeast  of  Green  lake.  The  prairie  aroimd  is  massive,  roll- 
ing, with  no  abrupt  hills.  The  lake  is  two  to  three  miles  long  and 
a  mile  or  more  wide.  The  greatest  depth  found  was  26  feet. 
The  temperature  of  the  water  on  July  2,  was  74®  F.,  air  71®  F. 
at  sunset.  Its  outlet  joins  that  of  Green  lake.  The  shores  slope 
gently  to  the  water's  edge  and  bear  a  fringe  of  native  forest  trees. 
Evidences  of  a  former  higher  lake-level  are  abundant. 

In  the  northwestern  part  of  the  county  is  a  chain  of  very  charm- 
ing lakes.  These  are  Norway  lake,  James  lake.  Swan  lake  and 
Lake  Andrew. 

The  moraine  trends  along  the  north  side  of  these  lakes.  They 
lie  in  a  series  of  depressions  at  the  southern  base.  All  the  country 
south  and  west  is  massive,  rolling  prairie. 

Norway  Lake. 

Between  the  lakes  and  to  the  eastward  there  is  considerable 
hard-wood  forest.  Norway  lake  is  not  deep,  and  at  the  time  I 
visited  it,  October,  1880,  there  was  a  minimum  stage  of  water. 
There  is  a  depth  of  30  feet  in  some  places.  It  is  well  cut  up  with 
bars  and  points.  One  of  these,  belonging  to  Mr.  Even  Railson,  is 
a  mile  long  and  covered  with  fine  hardwood  timber.  The  margin 
of  the  lake  supports  a  thick  growth  of  reeds  and  rushes.  The 
water  is  clear  and  translucent.  In  the  fall  it  is  the  abode  of  thou- 
sands of  water-fowl,  and  is  a  sportsman's  paradise.  Evidences  of 
former  higher  water  are  very  abundant.  The  old  beaches?  are 
clearly  defined.  I  am  told  that  in  1871  the  lake  was  six  feet  high- 
er than  it  is  now,  and  also  in  1860  there  was  a  very  high  stage  of 
water.  At  such  times  these  lakes  have  an  outlet  southwest  into 
the  Chippewa  river:  but  in  a  dry  season  and  low  water  there  is  na 
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outlet.  These  lakes  usually  freeze  over  between  the  1st  and  15th 
of  December,  and  open  in  the  spring  between  the  1st  and  15th  of 
April.  The  temperature  of  the  wiiter,  October  10th,  was  68® F. 
Lake  Andrew  is  deejier  than  Norway,  and  there  is  a  great  variety 
of  shore  line.  Together  these  lakes  constitute  one  of  the  most  de- 
lightful groups  in  this  region. 

The  natural  drainage  of  Kandiyohi  county  is  chiefly  into  the 
Crow  river.  The  northeastern  townships  are  drained  by  branches 
of  the  north  fork,  while  the  southeastern  towns,  south  of  the  rail- 
road, are  drained  by  the  south  fork.  The  western  tier  of  towns  are 
drained  by -branches  of  the  Minnesota  river,  the  Chippewa  and  the 
Chetomba.  There  is  not  an  exposure  of  rocks  in  the  whole  coun- 
ty. The  drift,  which  is  very  heavy,  undoubtedly  overlies  the 
archsean  terrace,  which  extends  across  the  State  from  Lake  Superi- 
or southwest.  The '* summit'' near  Atwater,  where  the  railroad 
grade  reaches  an  elevation  of  1.264  feet  above  the  ocean,  is  proba- 
bly due  to  the  greater  uplift  of  the  underlying  rock  rather  than  to 
any  greater  thickness  of  the  drift.  The  drift  pebbles  on  the  shores 
of  lakes  are  granitic  or  gneissic-  and  limestone,  about  65  per 
cent,  of  the  former  to  35  of  the  latter. 

The  principal  lake  of  Pope  county  is  Lake  Whipple.  It  has  an 
average  length  of  seven  miles,  and  width  of  two  miles.  Its  area 
is  about  15  square  miles.  It  is  situated  in  the  northern  central 
part  of  Pope  county.  It  lies  very  picturesquely  at  the  foot  of  the 
great  moraine,  at  an  angle  where  its  development  is  most  typical. 
On  the  north  and  eastern  sides  the  morainic  hills  rise  irre<xularlv 
above  the  lake  to  a  height  of  from  50  to  200  feet.  At  the  nor- 
thern extremity  of  the  lake  the  quiet  little  village  of  Glenwood 
consists  of  a  few  houses  at  the  foot  of  the  bluff.  Going  up  to  the 
top  of  this  bluff,  which  is  more  than  200  feet  above  tlie  lake,  one 
may  enjoy  as  delightful  a  bit  of  natural  scenery  as  there  is  in 
central  Minnesota.  From  this  summit  the  prairie  stretches  back 
to  the  north  and  west  quite  flat  and  featureless.  Lake  Whipple 
seems  to  occupy  the  bottom  of  a  great  basin  around  which  the 
morainic  hills  of  unusual  boldness  and  height  gather  on  every  side, 
except  the  west,  where  is  the  outlet  of  the  lake  into  the  Chippewa 
river.  Tlie  depth  of  Lake  Whipple,  at  the  northeastern  end,  near 
Olenwood,  varies  from  12  to  30  feet.  It  is  quite  shallow  along  the 
western  shores,  and  there  are  a  number  of  sloughs  and  lakelets  which 
drain  into  the  larger  lake.  There  are  numerous  springs  al)out  the 
northeast  shore,  and  water  is  found  in  the  wells  of  the  village  at 
depths  of  14  to  40  feet.     The  water  stratum  is  of  sand  underlying 
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a  bed  of  blue  clay.     The  temperature  of  the  water,  on  the  13th  of 
July,  was  77^  F. 

Lake  Reno. 

Lake  Reno,  on  the  northern  boundary  of  Pope  county,  is  a  prai- 
rie lake  about  four  miles  long  and  two  miles  wide.  Its  northeast- 
em  extremity  is  much  narrower.  It  has  an  area  of  about  six 
square  miles.  It  is  separated  by  a  sand-bar,  from  Maple  Lake  on 
the  north.  The  surrounding  country  is  rolling  prairie  nearly  level. 
The  banks  of  the  lake  show  a  subsoil  of  light  yellowish  clay. 
They  are  not  more  than  10  to  15  feet  above  the  water,  and  usually 
slope  gently  back,  without  any  abrupt  or  precipitous  shores  at  any 
point.  The  lake  has  an  even  clay  bottom,  and  in  the  central  part, 
has  an  average  depth  of  about  20  feet.  There  are  very  few  reeds 
or  rushes  and  no  islands.  At  the  northeastern  end  there  is  consid- 
erable timber,  the  principal  forest  trees  being  the  oak,  maple 
and  basswood.  The  larger  portion  of  the  surrounding  country  is 
prairie.  The  water  is  slightly  alkaline  and  of  a  yellowish  hue, 
characteristic  of  broad  and  rather  shallow  lakes  which  are  easily 
stirred  to  the  bottom,  by  the  winds.  The  temperature  of  the 
water,  on  the  28th  of  Aug.,  was  72"Fah.  The  outlet  of  this  lake 
in  high  water,  is  into  the  Chippewa  river.  Its  inlets  are  temporary 
streams  from  the  adjoining  prairies  and  sloughs. 

Dougrlaa  Oounty. 

The  lakes  of  Douglas  county,  are  unsurpassed  for  the  purity  of 
their  waters,  the  beauty  of  their  scenery  and  general  attractive- 
ness. A  glance  at  the  map  will  show  that  there  is  a  large  number 
of  them.  But  it  is  not  their  number  so  much  as  it  is  their  beauty 
and  variety  which  impresses  any  one  who  studies  them  in  detail. 

NATURAL  DRAINAGE. 

The  western  half  of  Douglas  county  is  drained  by  the  Chippewa 
River  and  its  tributaries,  while  the  eastern  half  is  drained  through 
the  Long  Prairie  Chain  of  lakes  into  the  river  of  that  name  which^ 
beginning  at  Lake  Carlos,  of  which  it  is  the  outlet,  flows  east  and 
then  north  through  Todd  county,  and  discharges  into  the  Crow 
Wing  river  near  Motley. 
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TOPOGRAPHY. 

The  "leaf  hills,"  whose  greatest  developemeut  is  in  the  south- 
east part  of  Ottter  Tail  County,  are  represented  in  the  northern 
townships  of  Douglas.  There  are  some  consi)icuous  eminences  on 
the  north  and  west  shores  of  Lake  Christina.  These  hills  rise 
from  75  to  150  feet  above  the  lake.  The  highest  point  reached  by 
the  railroad  near  the  southern  boundary  of  the  town  of  Lund,  is 
1378  feet  above  the  sea. 

Lake  Christina  is  about  1215  feet  above  the  sea.  The  general 
average  of  hill  and  valley  is  between  1230  and  1350  feet  above  the 
ocean.  Evansville  station  which  is  one  mile  south  of  the  town 
line,  has  an  elevation  of  1354  feet,  and  the  ( 'hipi)ewa  river  near 
Stowe's  Lake,  is  1339  feet  above  the  sea.  Some  of  the  highest 
points  in  the  town  are  on  sections  23,  25  and  30.  The  northern 
sections  of  the  adjoining  town  of  Millerville,  are  high  and  hilly. 
The  township  of  Leaf  Valley  jus  its  mime  implies,  is  a  broad  basin. 

In  Miltona  a  range  of  morainic  hills  extend  southwestward  |>Jist 
Lake  Miltona  and  west  of  Lake  Lla.  through  the  town  of  Mol.r  to 
lake  Oscar  and  beyond.  At  lake  Oscar  are  some  very  prominent 
and  massive  hills,  rising  from  100  to  200  feet  above  the  like. 
This  central  ridge  of  the  country  is  the  "divide''  separating  the 
waters  which  find  their  way  into  Long  Prairie  river  from  those 
which  flow  westerly  into  the  Chipi)ewa.  Alexandria  which  is  situ- 
ated on  a  high  prairie  a  little  east  of  this  central  ridge,  has  an 
elevation  of  1392  feet.  Lake  Ida  is  a  little  more  than  1400  feet 
above  the  sea. 

The  Lonsr  Prairie  Ohain  of  Lakes. 

In  the  eastern  half  of  Douglas  county  there  is  a  chain  of  lakes 
remarkable  for  their  purity,  depth  and  beauty.  They  are  all  con- 
nected and  lie  within  a  nulius  of  a  dozen  miles  of  Alexandria. 
Beginning  with  the  most  nortliern  and  the  highest  of  the  chain, 
they  are  Irene,  Miltona,  Ida.  Louise,  Mill,  Andrew,  Mary,  Lobster, 
Fish,  Latoka,  Cowdrey,  Darling,  Union.  Bergan,  Childs.  Victoria, 
Geneva,  Le  Homme  Dieu,  Carlos.  Only  the  largest  and  most  im- 
portant of  these  can  be  mentioned. 

Lake  Miltona 
is  the  largest  of  the  chain.     It  has  an  area  of  about  nine  square 
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miles.  It  is  six  or  seven  miles  long  from  east  to  west,  and  about 
two  miles  wide.  It  has  two  inlets,  one  at.  the  eastern  extremity 
and  another  at  the  northwestern.  Its  outlet  on  the  southwestern 
side  discharges  into  Lake  Ida.  The  lake  has  an  elevation  above 
the  sea  of  a  trifle  over  1400  feet.  Its  shores  in  many  places  are 
bold  and  rise  abruptly  20  to  40  feet  above  the  water.  They  are 
covered  with  forests  except  in  a  few  places.  The  leaf  hills  to  the 
north,  dun  and  nazy  in  the  distance,  are  seen  from  centre  of 
the  lake.  There  are  large  areas  of  the  lake  which  a^'e  shallow  and 
the  bottom  is  covered  with  a  dense  growth  of  aquatic  plants. 
Although  a  number  of  soundings  were  taken  in  different  oarts  of 
the  lake,  only  one  place  of  considerable  depth  was  found  where 
the  line  showed  80  feet  of  water;  this  was  a  little  south  of  the  cen- 
tre. Other  parts  showed  30  to  50  feet,  but  the  majority  of  sound- 
ings gave  14  to  25  feet.  Owing  to  the  amount  of  vegetation  grow- 
ing, the  water  is  not  as  free  from  foreign  matter  as  some  lakes. 
It  is,  however,  clear,  sparkling  with  no  tinge  of  yellow.  There 
are  some  fine  springs  on  the  shores  of  this  lake,  and  some  stately 
forest  trees,  sugar  maple,  elm  and  basswood  are  flourishing.  The 
temperature  of  the  water  on  the  10th  day  of  August  was  75®  F. 
on  the  surface,  73.5®  F.  at  the  bottom.     Air  80®  F. 

Lake  Ida. 

Next  in  size  and  order  is  Lake  Ida.  It  is  four  and  a  half  miles 
long  and  one  to  one  and  a  half  miles  wide.  It  hsK  an  area  of  about 
five  square  miles.  It  lies  east  of  the  central  drift  ridge,  which 
divides  the  waters  of  the  county.  The  surrounding  country  is 
massive  rolling  drift,  and  on  the  eastern  side  is  well  timbered.  The 
water  is  very  pure  and  crystalline.  The  shores  are  strewn  with 
pebbles  and  small  sub-angular  boulders.  There  are  very  few  reeds 
and  rushes.  I  found  the  temperature  of  the  water  on  the  16th  of 
August  to  be  73®  F.,  air  81®  F.  The  inlet  of  Lake  Ida  is  at  the 
northern  end,  where  it  receives  the  surplus  water  of  Lake  Miltona. 
The  outlet  is  at  the  southeast  comer,  at  Alden's  flour  and  saw 
mills,  whence  it  flows  south. 

Lake  Latoka. 

This  charming  little  lake  is  only  two  miles  from  Alexandria. 
It  is  about  one  and  a  half  miles  long,  and  half  a  mile  wide.  It 
lies  in  a  deep  and  quite  uniform  basin.     It  has  an  average  depth  of 


STATE  GEOLOGIST,  271 

fifty  feet,  the  greatest  being  eighty  feet.  The  bluffs  around  the 
north  end  at  the  outlet  are  from  two  to  thirty  feet  high.  The 
soil  is  sand  and  gravel,  including  some  boulders.  The  water  is 
remarkably  pure  and  of  a  deep  bottle  green  color.  The  surround- 
ing country  is  covered  with  forest. 

Lake  CoHclretf. 

A  few  rods  north  of  Latoka  is  smaller  in  area  but  a  very  pretty 
lake.  Here  the  surplus  water  from  some  twelve  or  fourteen  other 
lakes  combine  and  send  a  deep  stn^nj<  current  north  to  Lake 
Darling. 

fjffke  Darh'itf/. 

A  sheet  of  water  two  miles  long  and  a  mile  wide,  surrounded  by 
forests  of  stately  trees,  dry  and  bold  shoivs.  divided  by  a  bar  near 
the  northern  end  into  two  basins,  almost  two  lakes,  this  is  Lake 
Darling.  The  inlet  at  the  southern  extrt»mity  is  a  deep,  strong 
current  pouring  continually  int(»  this  lake  the  surplus  waters  of  ji 
dozen  othere.  The  de]>th  varies  from  sixter^i  to  fifty  feet.  The 
water  is  clear  ami  })ure. 

Lake  Victoria  receives  the  drainii^^e  from  half  u  do/en  smaller 
lakes  at  the  south.  There  are  tw«>  arms,  jin  eastern  and  western, 
both  have  inlets  and  combine  to  form  the  main  bodv  of  the  lake. 
The  western  arm  is  much  the  larger.  In  this  basin  the  great  mass 
of  the  water  lies.  Its  depth,  near  the  center,  varies  from  40  to  50 
feet.  The  east  arm  is  30  to  40  feet  deep.  Near  the  outlet  th'»  water 
becomes  shallow  and  reeds  are  numerous.  In  the  c(»nter  of  the 
lower  part  of  the  lake  the  depths  vary  from  22  to  38.  The  water 
is  not  very  pure;  it  contains  a  considerable  amount  of  decaying  vege- 
table matter,  brought  down  from  swamps  and  shallow  hikes  above. 
The  shoras  of  the  Victoria  are  generally  high  and  wooded.  The 
banks  where  exposed,  are  clay.  A  very  sht)rt  outlet,  cnjssed  by  the 
St.  P.  M.  &  M.  R.  R.  brings  us  to  the  next  link  in  the  chain. 

Lake  Geneva  is  nearlv  two  miles  long  and  half  a  mile  wide.  lU 
waters  are  clearer  than  those  of  Victoria.  In  some  parts  it  is  also 
considerable  deeper.  Soundings  varying  from  30  to  ^)0  feet  were 
made  in  the  south  half  of  the  lake.  There  is  clav  in  the  surround- 
ing  bluffs  which  arise  10-20  feet  above  the  water.  The  R.  R.  has 
made  a  long,  high  ''fiir'  at  the  inlet.     In  consequence  of  these 
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facts  the  water  holds  in  suspension  considerable  earthy  matter,  giv- 
ing it  at  times  a  faint  yellowish  tinge. 

One  of  the  charms  of  this  chain  of  lake  and  the  country  adjacent 
is  the  presence  of  fine,  large,  forest  trees  which  the  ravages  of  the 
'*  woodman"  have  not  laid  low.  For  this  reason  the  shores  of  these 
lakes  are  particularly  attractive  as  places  of  resort  in  summer  and 
are  capable  of  such  improvement  at  small  expense,  as  would  make 
them  delightful  places  of  residence. 

Lake  Le  Homme  Dieu, 

This  lake  has  a  quite  irregular  shape  and  lies  in  two  distinct  de- 
pressions of  unequal  depth.  The  long  point  that  runs  out  from 
the  west  side  is  continued  under  water  by  a  bar  extending  more 
than  half  way  across  the  lake.  In  the  southern  basin,  not  far 
from  the  inlet,  the  water  is  from  60  to  75  feet  deep.  In  various 
parts  of  this  basin  depths  varying  from  25  to  57  feet  were  found. 
The  lower  basin  at  the  north  end  of  the  lake  is  larger  and  includes 
a  deep  bay  on  the  west  side,  but  on  the  whole  this  portion  of  the 
lake  is  shallower  than  the  other. 

As  a  whole  it  is  one  of  the  mose  beautiful  sheets  of  water  in 
Minnesota.  The  shores  are  moderately  high  and  well-wooded.  It 
is  separated  only  by  a  narrow  bar  from  Lake  Carlos.  The  water  is 
clear  and  pure.  In  this  respect  there  is  a  gradual  improvement  as 
we  proceed  down  the  chain.  Geneva  is  purer  than  Victoria.  Le 
Homme  Dieu  is  purer  than  Geneva,  and  Carlos  is  the  purest  of  them 
all.  Temperature  of  Lake  Le  Homme  Dieu  July  13th  was  78®  F. 
air  84®. 

Lake  Carlos 

is  the  gem  of  this  group  of  lakes.  It  is  the  last  and  lowest  of  the 
series.  It  is  the  immediate  source  of  Long  Prairie  river,  which 
forms  its  outlet  at  the  northeast  corner.  It  has  two  inlets,  one 
from  Lake  Darling  at  the  southern  extremity,  and  the  other  from 
Lake  L'Homme-Dieu.  It  thus  receives  the  surplus  waters  of  all 
the  other  lakes  north  and  south  and  the  drainage  of  six  townships. 
The  lake  in  some  places  is  150  feet  deep,  and  there  is  a  channel  av- 
eraging about  50  feet  deep,  extending  the  entire  length  of  the  lake. 
The  deepest  area  is  not  far  from  the  L'Homme-Dieu  inlet.  There 
are  shallow  areas  where  the  water  is  only  5  to  10  feet  deep,  further 
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down  the  lake.  It  is  about  five  miles  long  and  a  mile  wide.  The 
water  is  almost  perfectly  pure,  of  a  deep  bottle-green  color.  The 
color  however  varies  with  the  sky  and  weather,  and  is  sometimes  a 
deep  indigo  and  sometimes  a  light  delicate  blue.  In  this  lake,  as  in 
many  others  which  have  been  explored  with  the  sounding  line  and 
other  appliances  for  discovering  what  lies  at  the  bottom,  it  was 
found  that  there  are,  under  the  level  surface  of  the  water,  a  variety 
of  hill  and  dale,  plateaus,  ravines,  abrupt  declivities  and  gradual 
slopes  very  similar  to  the  irregularities  of  the  country  around. 
Vegetation  too  flourishes  Ijeneath  the  waves  as  vigorously  as  on  the 
main  land,  while  the  waters  are  thronged  with  fish  of  many  species 
and  of  delicious  flavor. 

There  are  mauv  indications  about  the  shores  of  these  lakes  of 
former  higher  levels  of  water.  There  are  old  b(»aclies  and  half-ob- 
scured terraces  which  show  that  the  lakes  were  connected  at  no 
very  remote  date.  The  whole  of  "Alexandria  prairie,''  which  lies 
between  the  two  chains  of  lakes,  is  modified  drift.  The  gravels, 
sands  and  clays  are  finelv  stratified  and  record  the  fact  that  at  the 
close  of  the  ice  age  soni*»  ancient  river  with  g(»ntle  current  flowed 
here,  rean-anging  and  depositing  iji  their  present  positions  tho  ma- 
terials which  the  glacier  had  brought  down. 

I^ike  Osahis. 

On  the  eastern  boundary  of  Douglas  county,  but  lying  chiefly 
in  Todd  county,  is  Lake  Osakis.  It  is  about  seven  miles  long^ 
The  southern  part  is  a  mile  ami  a  half  to  two  miles  wide.  The 
northern  part  is  narrow  and  deep.  The  depths  at  the  upper  end 
of  the  lake  varied  from  40  to  70  fi^et.  Near  Battle  point  50  feet 
of  water  were  found  repeatedly.  In  the  broader  part  of  the  lake 
there  are  large  areas  of  shallow  water,  varying  from  \\\^.  to  fifteen 
feet,  the  average  depth  being  about  twenty-five  feet.  Aroun<l  the 
southern  part  of  the  lake,  the  prairie  slopes  down  gi'adually  io  the 
■water's  edge.  Some  of  the  shores  are  low  and  wet.  At  other 
points  they  are  from  ten  to  twenty  feet  above  the  water.  The 
water  varies  in  purity.  In  the  deep  parts  at  the  north  end  it  was 
quite  pure.  In  shallower  places  and  where  the  mud  stirs  the  whole 
volume  to  the  bottom,  it  has  the  vellowish  hue  characteristic  of 
the  more  alkaline  lakes. 
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Lake  Oscar, 

Among  the  hills  in  the  southwestern  part  of  the  county  are  a 
multitude  of  small  lakes,  the  largest  of  which  is  Lake  Oscar.  The 
surrounding  country  is  rolling,  and  there  are  some  abrupt  declivi- 
ties and  massive  hills  of  drift,  whose  summits  are  from  50  to  150 
feet  above  the  lakes.  There  is  a  fringe  of  oaks  about  the  lake, 
and  a  forest  on  the  northeast  stretches  away  to  Alexandria  and 
beyond.  Toward  the  west  and  south  lies  a  prairie  country.  The 
outlet  of  Lake  Oscar,  in  high  water,  is  into  the  Chippewa  river. 
Its  only  tributaries  are  other  and  smaller  lakes.  The  basin  is  sub- 
divided by  various  points  and  bars.  The  outlet  is  very  irregular. 
This  interlocking  of  land  and  water  gives  the  most  charming 
scenery.  The  shores  are  bold,  being  in  several  places  30  to  40 
feet  above  the  water.  The  lake  is  about  30  feet  deep  in  its  largest 
basin,  growing  shallower,  of  course,  about  the  shore's  points.  The 
temperature  of  water  75®  F.,  and  the  air  58®  F.  to  80®  F. 

In  the  extreme  northwestern  part  of  the  county  is  Lake  Chris- 
tina, which  has  an  area  of  about  six  square  miles,  but  is  very  shal- 
low. The  water  is  a  decidedly  yellow  and  muddy.  It  is  full  of 
reeds  and  rushes.  Its  shallow  depths  and  the  rills  and-  runlets 
pouring  down  from  clay  deposits  keep  it  looking  very  much  like 
Missouri  river  water.  It  i6  rather  exceptional  in  this  respect 
among  the  lakes  of  this  region.  Pelican  lake,  which  joins  it  on 
the  southwest,  is  clear,  although  the  lake  also  is  shallow  and  the 
water  clouded  and  alkaline.  Neither  of  these  lakes  are  attractive, 
although  to  one  passing  by  on  the  railroad,  which  runs  between 
them,  they  may  appear  so. 

Otter  Tail  is  the  banner  county  of  the  State  for  lakes.  It  is 
said  by  those  who  have  given  their  minds  to  counting  them,  that 
there  are  430  lakes  in  the  county.  This  number  of  lakes  is  not 
represented  on  any  maps  that  I  have  seen.  Still  the  number  is 
sufficiently  large,  as  any  one  will  admit  who  has  traveled  over  the 
county. 

The  relation  of  these  lakes  to  the  great  moraine,  that  gigantic 
relic  of  the  glacial  age,  which  Mr.  Upham  has  traced  through  the 
State,  is  both  intimate  and  interesting.  A  glance  at  the  map 
shows  that  the  lakes  occupy  the  central  townships  of  the  county. 
The  eastern  and  western  tiers  of  towns  have  none,  or  a  few  small 
lakes.  This  distribution  of  the  lakes  corresponds  with  the  posi- 
tion and  bearing  of  the  moraines.    Entering  the  county  at  the 


\ 
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north,  in  the  town  of  Hobart,  the  general  direction  of  the  drift 
deposit  is  southeast  until,  in  the  vicinity  of  Fergus  Falls,  it  tends 
southeast  and  east,  and  then  swings  northeast,  where  its  greatest 
development  is  seen  in  the  *'leaf  nets,'' as  they  are  popularly 
called.  This  hilly  area  is  gemmed  with  lakes.  Every  depression 
in  the  rough  and  rolling  ground  holds  a  mirror  to  the  sky  and 
clouds.  They  are  of  all  sizes,  shapes  and  depths.  Some  have  out- 
lets, the  largest  ones  especially:  others  have  none,  except  in  very 
high  water;  others  have  no  outlet  whatever  at  any  time.  Of  some 
the  water  is  whitish  or  clouded,  holding  in  solution  mineral  sulv 
stances  derived  from  the  clays  and  gravels  of  the  shores.  Others 
are  apparently  perfectly  pure,  colorless  and  sparkling. 

It  is  manifestly  impossible  to  examine  all  these  lakes  in  a  single 
season.  Only  those  were  selected  which  are  typical  or  in  some 
respects  remarkable.  Of  the  smaller  lakes  Lake  Sewell  in  St.  Olaf 
is  as  good  a  representative  ;is  any  other. 

/jftLe  Setrell. 

It  is  about  two  miles  long  and  half  a  mile  wide.  The  shores  are 
not  very  high  and  generally  slop*.*  gently  to  the  wat»'r's  edge.  There 
is  a  fringe  of  trees  and  shrul)s  of  the  comnum  species  about  the 
lake,  but  most  of  the  country  is  massive  rolling  prairie  with  fre- 
quent lakelets  nnd  sloughs. 

It  was  ascei-tained  by  sounding  that  the  lake  is  35  to  40  feet 
deep  in  the  central  or  deeper  i)arts.  As  there  is  no  erosion  of  the 
banks  the  waters  are  quite  pure  and  free  from  mineral  substances. 
The  bottom  or  floor  of  the  lake  is  clay  covered  by  gravel  stones 
and  the  beaches  are  deposits  of  sand  and  pebbles. 

In  all  these  smaller  lakes  the  same  feature  are  re})eated  over  and 
over.  A  large  numljer  of  these  lakes  have  no  visible  outlet  except 
in  very  high  water.  The  channel — of  the  outlet — is  grass  grown 
and  dry,  except  a  weeks  or  perhaps  a  few  days  in  the  year. 

I^k-e  Clitherall 

This  beautiful  sheet  of  water  is  nearly  four  miles  long  and  one 
mile  wide.  It  has  a  deep  bay  extending  toward  the  south,  a  dis- 
tance of  two  miles.  The  south  shore  is  densely  wooded  and  pre- 
sents to  the  observer  on  the  north  side  a  very  picturesque  appear- 
ance. The  shores  at  various  jioints  are  bold  ami  high,  and  there 
is  a  fringe  of  forest  trees  on  the  north  side  also,  where  the  village 
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of  Clitherall,  a  Mormon  settlement,  stands.  There  are  one  or  two 
bars  extending  nearly  across  the  lake  so  that  the  water  does  not 
lie  in  one  continuous  basin.  Our  soundings  gave  for  the  east  part 
of  the  lake  a  depth  varying  from  15  to  44  feet,  and  for  the  west 
part  from  10  to  32  feet.  The  water  is  clear  and  liad  at  the  date  of 
our  visit,  August  1,  a  temperature  of  77®  F.  This  lake  lies  at  an 
elevation  of  1332  feet  above  the  sea.  Its  outlet  is  at  the 'north- 
west side  and  discharges  into  West  Battle  Lake. 

West  Battle  Lake. 

This  lake  lies  in  two  basins.  The  western  half  is  nearly  twice 
as  wide  as  the  eastern.  The  shores  are  in  some  places  bold  and 
abrupt,  rising  40  to  60  feet  above  the  lake.  At  other  points  the 
prairie  slopes  gently  down  to  the  water.  There  is  not  much  for- 
est. Nearly  all  the  surrounding  country,  especially  at  the  western 
extremity  is  cultivated  prairie.  The  lake  is  over  six  miles  long. 
The  western  part  is  about  two  miles  wide;  the  eastern  division 
about  one  mile  wide.  A  high,  wooded  hill  or  promontory  on  the 
north  side  marks  the  line  of  division.  Our  soundings  were  made 
in  the  western  part  of  the  lake.  The  bottom  of  the  lake  is  un- 
even. There  are  ridges  and  shallow  places  out  some  distance  from 
the  shore.  We  found  repeatedly  about  50  feet  of  water.  The 
depths  vary  rapidly  within  short  distances.  The  mass  of  the  drift 
about  these  lakes  is  siliceous;  some  of  these  bluffs  are  almost  pure 
sand;  these  crumble  under  the  action  of  frost  and  weather  and  are 
distributed  over  the  bottom  of  the  lake  by  the  waves.  All  the 
beaches  are  sand  and  pebbles.  There  is  very  little  vegetation  in 
the  waters  of  this  lake. 

Owing  to  the  purity  of  its  water  and  the  inequalities  bf  depth, 
this  lake  presents  the  most  rapid  and  beautiful  play  of  colors. 
There  is  not  a  more  charming  or  attractive  spot  in  Minnesota  than 
the  vicinity  of  Battle  lakes.  They  lie  in  midst  of  the  famous 
Park  Hegion,  proves,  lakes,  cultivated  farms,  unoccupied  wood- 
land conspire  to  give  variety  and  beauty  to  the  scenery. 

West  Battle  lake  has  two  outlets,  one  from  Lake  Clitherall,  the 
other  from  East  Battle  lake.  Its  outlet  is  on  the  north  side  and 
after  passing  through  several  smaller  lakes,  discharges  into  Ott«r 
Tail  lake  at  Balmoral  mills. 


STATE   GEOLOGIST.  277 

East  Battle  Lake. 

The  country  around  East  Battle  lake  is  very  broken  and  hilly. 
The  Leaf  mountains  lie  a  few  miles  to  the  southwest.  Several 
small  streams  convey  the  drainage  of  these  hills  to  the  lakes.  The 
basin  of  this  lake  is  very  irregular.  There  are  numerous  promon- 
tories, points  and' bays.  The  depth  varies  from  twenty  to  forty 
feet.  Only  a  small  part  of  the  lake  was  sounded,  as  no  safe  boat 
could  be  obtained.  The  hills  and  shores  of  the  lake  are  covered 
with  trees  and  shrubs.  The  outlet  into  West  Battle  lake  has  evi- 
dently run  much  wider  and  larger  than  now.  It  flows  through  a 
low  meadow  or  swamp,  and  is  still  a  considerable  stream  about  ten 
feet  wides. 

On  a  high  bluflf  between  these  lakes  are  a  series  of  mounds 
which  have  the  appearance  of  having  been  a  fortified  camp.     Some 

of  them  are  long  and  four  to  six  feet  wide.     Others  are  nearly 

round.     The  larg:est  round  mound  is  about  six  feet  high,  25  feet 

across  the  top,  and  130  feet  in  circumference.     There  are  about  a 

dozen  of  the  mounds  together. 

Otter  Tail  Lake, 

This  is  the  largest  body  of  water  in  the  county.  Indeed  in  this 
whole  lake  district  which  embraces  parts  of  Becker,  Otter  Tail, 
Douglass,  Pope  and  Kandiyohf  countie^,  there  is  no  lake  which  can 
compare  with  this  in  size.  It  is  about  ten  miles  long  and  three 
miles  wide.  Its  longest  direction  is  from  northeast  to  southwest. 
It  has  three  inlets,  one  from  the  south  and  two  from  the  north. 
The  largest  of  these  is  known  as  Otter  Tail  creek  and  is  the  outlet 
of  Rush  lake.  A  large  inlet  also  flows  down  from  Dead  lake  on 
the  north.  At  Balmoral  mills  on  the  south  side  it  receives  the 
surplus  waters  of  the  Battle  lake  chain.  The  soundings  were 
in  the  southern  central  part  of  the  lake  going  out  from  Balmoral 
mills.  For  distance  of  half  a  mile  or  more  from  the  shore  the 
water  is  quite  shallow,  only  six  to  eighteen  feet  of  water.  Toward 
the  centre  of  the  lake  it  deepens  to  forty,  fifty  and  sixty  feet. 
This  deeper  area  was  followed  for  some  distance  toward  the  head 
of  the  lake,  when  the  high  wind  prevented  further  measurements. 
The  temperature  of  the  water  on  the  30th  of  July  was  74®  F., 
air  78®  F.  Prof.  Owen  took  the  temperature  of  this  lake  on  the 
18th  of  June,  and  found  it  65®  F.,  air  64®  F.  The  water  is  not 
perfectly  pure.     It  has  the  yellowish  or  clouded  color  characteris- 
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tic  of  shallow  lakes  with  clay  bottoms  and  shores.  The  soil  on 
the  southern  side  is  sandy;  at  other  points,  however,  the  clay  is 
exposed  and  the  feeders  are  colored  by  the  clay  deposits  through 
which  they  flow. 

The  lake  is  without  islands  or  any  bold  and  prominent  indenta^ 
tions  of  the  shore.  It  is  therefore  less  picturiesque  and  attractive 
than  some  other  and  smaller  sheets  of  water.  The  outlet  of  Otter 
Tail  lake  is  the  Red  River  of  the  North,  formerly  known  as  the 
Otter  Tail  river.     It  is  here  30  to  40  feet  wide. 

The  southeastern  shores  of  the  lake  are  fringed  with  trees.  Fur- 
ther north  the  prairie  comes  to  the  water's  edge.  On  the  western 
and  northern  shores  are  forests,  interspersed  with  some  fertile 
prairies  or  openings. 

Dead  Lake, 

Northwest  of  Otter  Tail,  are  several  lakes  of  irregular  shape,  sur- 
rounded by  forests  and  morainic  hills  and  deposits  of  clay.  Ap- 
proaching Dead  lake  from  the  south,  near  its  outlet,  a  fine  growth 
of  native  forest  trees  is  encountered.  The  sugar  maple,  basswood, 
oak,  elm,  ash  and  ironwood  are  especially  noticeable.  The  lake  it- 
self is  divided  by  bara  and  points,  into  several  distinct  basins  and 
bays.  The  bottom  is  as  irregular  in  shape  as  the  shore  line.  The 
main  body  of  the  lake  is  shallow.  Our  soundings  gave  from  10  to 
25  feet  of  water.  There  is  a  good  growth  of  reeds,  wild  rice  and 
other  vegetation  in  the  lake.  There  are  a]  few  small  islands. 
The  shores  are  full  of  boulders,  both  granite  and  limestone  rock. 
It  is  indeed  a  lake  of  the  woods,  diflBcult  of  access,  but  wild  and 
picturesque,  a  favorite  haunt  of  water  foul  and  other  game.  The 
principal  tributary  is  a  small  stream  which  connects  it  with  Star 

lake. 

The  country  to  the  east  is  rough  and  hilly.     One  hill  near  the 

outlet  rises  abruptly  98  feet  above  the  water.     On  the  north  side 

the  shores  slope  more  gently  and  smoothly  to  the  water.     Further 

still  to  the  northwest  is  a  chain  of  very  beautiful  lakes,  lying  on 

the  west  side  of  the  great  moraine  and  tributary  to  Pelican  river. 

These  are  Lakes  Lida  and  Lizzie  and  Pelican  lake.     Between  these 

lakes  and  on  the  east  side,  there  is  a  fine  forest  of  hard- wood  trees, 

of  species  already  mentioned.     On  the  west  side  the  prairie  stretches 

away  toward  the  Red  river.     All  the  surrounding  country  is  rolling 

and  uneven.     The  largest  of  the  three  lakes  is  Lake  Lida.     It  is 

about  seven  miles  long  and  two  miles  wide.     A  narrower  arm,  about 
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one  mile  wide,  extends  south  from  the  niiiiu  body  of  the  hike  for 
two  miles.  The  eastern  sht)re  is  wo(j<led  and  hillv.  The  western 
shore  is  more  level  and  the  forest  soon  jufives  i)lace  to  the  prairie. 

Between  Lakes  Lida  and  Lizzie,  wliich  formerly  constituted  one 
lake,  there  are  several  old  l)ejiohes,  now  covered  with  forest  trees, 
indicating  that  the  former  level  of  the  hike  was  from  seven  to  ten 
feet  higher  than  it  is  at  prestMit. 

The  outlet  of  Lake  Lida  is  at  the  nv)rth  end.  It  is  a  strong  cur- 
rent of  water,  three  feet  deep  and  fourteen  feet  wide.  The  tem- 
perature of  the  hike  on  the  13th  of  Septeniher  was  r)l3'  F.,  air  70^. 
The  lake  varies  in  depth  from  10  to  40  feet.  About  the  shores  it 
is  shallow.  The  water  is  very  jnire  aiid  cK?ar.  There  are  several 
line  springs  about  the  shores.  There  are,  in  the  vicinity  of  these 
lakes,  a  number  of  eranbrrry  marshes  from  which,  without  any 
effort  at  cultivation,  a  good  many  bushels  f)f  cranl)erries  are  gath- 
<*red  every  year. 

Luke  Lhzir, 

The  southern  part  is  (piite  shallow  and  narrow  an<l  filled  with 
reeds  and  rushes  for  some  distance  out  from  the  shore.  The  nor- 
thern part  is  broader  and  deeper.  The  ♦^astern  shore  is  covered  by 
forest,  while  on  the  western  side  the  prairie,  in  some  i»laccs,  comes 
nearly  to  the  lake.  The  country  is  massively  rolling,  and  as  a  gen- 
eral rule  sandy,  but  there  are  also  large  de])osits  of  clay.  One  well, 
on  the  west  side  of  this  lake,  was  dug  "S  feet,  through  sand  and 
gravel,  and  another,  a  cjuarter  of  a  mile  away,  00  feet,  ^through 
day.  The  outlet  of  Lake  Lizzie  is  the  Pelican  river,  at  this  point 
40  feet  wide  and  3  to  4  feet  deep.  About  a  mih'  wi'st  of  the  out- 
let the  river  spreads  out  into  Prairie  lake,  which  Iuls  an  area  of 
about  two  square  miles.  The  quality  and  temi)erature  of  the  water 
did  not  differ  materially  from  that  of  Lake  Lida.  There  are  two  • 
«mall  islands  of  about  two  acres  each  in  this  lake. 

\  Pel/0(H  Luke. 

This  is  a  very  picturescjue  and  l)eautiful  lake  with  high  bold, 
high  shores  wooded  on  the  eastern  and  ])rairie  at  the  western  end 
The  water  is  very  pure  and  sparkling.  Tho  d«'pth  varies  from  8  to 
40  feet.  On  the  south  side  are  some  excellent  springs.  The  ex 
poBures  of  soil  on  lake  slioies  are  sandy:  no  clay  was  seen.  The 
bottom  is  uery  uneven,  es))eLiallv  in  the  south  arm,  which  is  sonie- 
19 
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times  called  Fish  lake.  From  this  arm  the  outlet  discharges  its 
waters  into  Lake  LizzicT^ 

This  country  is  not  thickly  settled.  A  large  amount  of  land  is 
still  unclaimed.  The  tide  of  emigration  has  swept  into  the  more 
fertile  and  better  advertised  Red  River  Valley. 

These  three  lakes  with  seven  or  eight  others  in  Becker  county, 
which  lie  above  them,  constitute  the  Pelican  chain  and  are  a  grand 
reservoir  of  water  feeding  that  river  with  perpetually  fresh  sup- 
plies. 
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IX. 


IfEPORT    OF    PROGRESS 

IN  KXPLOKATION  OF  THE 

GLACIAL  DRIFT  AND  ITS  TERMINAL  MORAINES. 


BY  WARREN  UPHAM. 


The  work  of  exploration  during  1880,  of  which  the  following 
is  a  partial  report,  was  begun  on  the  19th  day  of  April  and  closed 
on  the  3d  of  December,  the  distance  traveled  bv  horse  and  wagon 
in  this  time  being  about  4,500  miles.  Excepting  a  trip  of  six 
weeks  Ijetween  the  St.  Croix  and  Mississippi  rivers  and  through 
the  south  part  of  Stearns  county,  to  a  north  limit  in  Pine,  Kana- 
bec, Mille  Lacs  and  Crow  Winij:  counties,  the  remainder  of  this 
year  was  spent  in  the  examination  of  the  region  lying  south  of 
the  Minnesota  river,  to  an  t^ast  limit  in  Dakota,  Rice,  Steele  and 
Freeborn  counties.  These  districts  have  been  explored  in  respect 
to  their  topography,  ecoinmiic  geolog}-,  glacial  drift,  and  their  few 
exposures  of  the  older  rocks.  Information  has  also  been  gathered 
concerning  the  flora,  areas  of  forest  and  prairie,  and  water-powers. 

New  observations  of  rocks  underlying  the  drift  include  a  Creta- 
ceous sandstone  seen  in  Altavista.  the  northeast  township  of  Lin- 
coln county,  at  a  few  points  in  northwestern  Lyon  county,  and  at 
one  place  in  Martin  county:  an  area  of  the  red  Potsdam  quartzyte, 
extending  22  miles  from  east  to  west  in  northern  Cottonwood 
county,  and  reaching  into  the  edge  of  Adrian,  the  northwest  town- 
ship of  Watonwan  county,  and  of  Stately,  the  southwest  township 
of  Brown  county:  and  several  outcrops  of  granite,  gneiss  and 
schists,  occurring  10  to  20  miles  southwest  of  the  Minnesota  river, 
in  Yellow  Medicine  and  Redwood  counties.     Records  have  l>een 
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secured  of  the  strata  passed  through  by  deep*  wells  at  Hastings, 
Mendota,  Owatonna  and  Mankato,  the  last  being  2,204  feet  deep, 
not  penetrating  the  Potsdam  formation;  and  of  several  wells 
which  go  through  the  drift  and  a  small  depth  into  the  bed-rock, 
in  Waseca,  Freeborn  and  Faribault  counties,  which  have  no  out- 
crops of  rocks  on  the  surface. 

Additions  have  also  been  made  to  our  knowledge  of  the  Lower 
Silurian  rocks  exposed  on  the  Blue  Earth  river  and  its  tributaries; 
of  the  Potsdam  quartzyte  in  Pipestone  and  Rock  counties,  and  in 
Minnehaha  county,  lying  at  the  west  side  of  the  latter,  in  Dakota; 
of  the  St.  Croix  sandstone  and  copper-bearing  rocks  at  the  east 
side  of  the  State ;  and  of  the  outcrops  of  syenite,  granite  and  gneiss 
in  Benton  and  Stearns  counties;  most  of  which  Professor  Win- 
chell  has  examined  and  in  part  described  in  the  earlier  reports  of 
this  survev. 

Four  counties,  namely,  Steele,  Freeborn,  Pipestone  and  Rock, 
which  had  been  previously  reported  on,  were  again  explored  with 
special  reference  to  the  glacial  drift;  and  notes  were  gathered  for 
the  general  description  of  the  following  seventeen  counties:  Chi- 
sago, Isanti,  Waseca,  Faribault,  Blue  Earth,  Brown,  Watonwan, 
Martin,  Jackson,  Cottonwood,  Redwood,  Lyon,  Murray,  Nobles, 
Lincoln,  Yellow  Medicine  and  Liic  qui  Parle. 

Nine  of  these  twenty-one  counties  have  no  exposure  of  the  bed- 
rocks, and  the  greater  part  of  each  of  the  others  is  without  such 
outcrops.  Our  observations  therefore  relate  chiefly  to  the  superfi- 
cial deposits  of  drift,  and  of  these  the  portions  which  have  added 
most  to  our  knowledge  of  the  succession  of  events  in  geological 
history,  are  the  ranges  of  drift  hills  denominated  terminal  moraines. 
A  remarkable  formation  of  this  class  has  been  traced  in  an  irregu- 
lar, looped  coui-se  through  Minnesota.  Our  exploration  has  also 
been  extended  southward  into  Iowa,  in  order  to  learn  whether  the 
two  parts  of  this  series  which  reach  beyond  the  south  line  of  the 
State  are  connected  by  a  continuous,  curving  belt,  being  thus 
shown  to  have  been  formed  at  the  same  epoch.  The  present  report 
treats  principally  of  this  formation,  which  is  believed  to  have  been 
accumulated  at  the  margin  of  a  vast  ice-sheet  that  overspread  the 
northern  half  of  North  America  in  the  latest  completed  period  of 
geological  time,  as  the  Antarctic  continent  and  the  interior  of 
Greenland  are  now  buried  beneath  ice  thousands  of  feet  deep. 
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THE   GLACIAL   DKIFT. 

The  region  covered  by  this  exploration,  like  that  lying  next  to 
the  north,  traversed  by  the  writer  in  187i>,  and  desL-ri])ed  in  that 
year's  report,  is  thickly  overspread  l)y  the  glacial  drift,  with  very 
rare  exposures  of  the  bed-rocks,  except  in  deejdy-excavated  valleys, 
as  of  the  Minnesota  river.  Along  this  river  the  drift-sheet  is  from 
100  to  200  feet  thick,  and  it  extends  with  a  siiiiihir  depth  over  the 
western  two-thirds  of  Minnesota  and  over  large  aresis  in  Michigan, 
Wisconsin,  Iowa,  Dakota  and  the  region  farther  northwest  drained 
by  the  Assiniboine  and  Ssuskatchewan  rivers. 

Within  the  portion  of  Minnes(jta  exj)lored  during  these  two 
3'ears,  the  material  of  this  thick  sheet  of  drift  nearly  every- 
where is  the  unmodified  deposit  of  the  ice-sheet,  composed  of  clay, 
sand,  gravel  and  boulders,  mixed  indiscriminately  in  an  unstratified 
mass.  Very  finely  i)ulveri/.ed  rock,  forming  a  stiff,  compact,  unc- 
tuous clay,  is  its  principal  ingredient,  whether  at  great  depths  or 
at  the  surface.  This  formation  is  denominated  till,  boulder-clay 
or  hardpan.  Layers  of  stratified  gravel  an<l  sand  are  enclosed  in 
this  deposit,  and  are  the  source  of  the  sudden  inflow  and  rise  of 
water  frequently  found  in  digging  wells. 

The  till  upon  the  wt.'stern  twothirds  of  this  State  has  a  dark 
blueish  color,  except  in  its  ujjper  portion,  which  is  yellowish  to  a 
depth  that  varies  from  5  to  50  feet,  ])ut  is  most  cimimonly  Ix'tween 
15  and  3U  feet.  This  ditlerence  of  color  is  due  to  the  influence  of 
air  and  water  upon  the  iron  ct>ntained  in  this  deposit,  changing  it 
in  the  upjHir  part  of  the  till  from  the  ])rotoxido  state  to  hydrat^^d 
sesquioxide.  Another  imiK)rtant  diilerence  in  this  till  is  that  its 
upper  portion  is  more  commonly  softer  and  easily  dug,  while  be- 
low there  is  ji  sudden  change  to  a  hard  and  4!ompact  deposit,  which 
must  be  picked,  and  is  often  three  times  as  expensive  for  exca- 
vating. There  is  frequently  a  thin  layer  of  sand  or  gravel  be- 
tween these  kinds  of  till,  which  have  their  division  line  at  a  depth 
that  varies  from  5  to  30  or  very  rarely  40  feet.  Owing  to  the 
more  compact  and  impervious  charaeter  of  the  lower  till,  the 
change  to  a  yellow  color  is  usually  limited  to  the  u])per  till.  The 
probable  cause  of  this  ditt'erence  in  hardness  was  the  pressure  of 
the  vast  weight  of  the  ice-sheet  uj>on  the  lower  till,  while  the  up- 
per till  was  ccintained  in  the  ice  and  dn)p])ed  loosely  at  its  melting. 

The  motion  of  the  ice-sheet  upon  this  part  of  the  State  was 
from  the  north  to  the  south  or  southeast,  as  is  shown  by  the  di- 
rection in  wliich  the  bould(;rs  of  the  drift  in  this  region  have  been 
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carried,  and  by  the  courses  of  glacial  striae,  or  the  scratches  and 
fs^ooves  worn  on  the  surface  of  the  bed-rock  by  stones  and  boul- 
ders pushed  along  in  the  ice.  Most  of  the  limestone  boulders  and 
blocks  that  occur  frequently  in  the  drift  throughout  western  Minne- 
sota, are  like  limestone  strata  which  are  found  in  Manitoba;  these 
are  their  nearest  outcrops,  but  they  may  underlie  the  drift  in  por- 
tions of  western  and  northwestern  Minnesota.  The  boulders  of  gran- 
ite, syenite,  gneiss  and  schist,  which  abound  here  and  southward 
through  Iowa  to  the  limit  of  the  drift  in  Missouri,  have  been  de- 
rived from  the  Laurentian  highlands  north  of  Lake  Superior,  and 
from  the  broad  area  of  these  rocks  which  reaches  southwestward 
across  Minnesota  to  the  Coteau  des  Prairies.  The  masses  of  cop- 
per that  are  found  rarely  in  the  drift  of  southern  Minnesota  and 
Iowa,  west  of  the  driftless  area,  were  almost  certainly  brought 
from  the  vicinity  of  Lake  Superior,  and  demonstrate  that  the  cur- 
rent of  the  ice-sheetf  by  which  they  were  carried  was  first  south- 
west and  then  south.  Outcrops  of  the  red  Potsdam  quartzyte  are 
found  at  various  places  from  New  Ulm  west-southwest  to  the 
James  river.  North  from  this  district  the  drift  contains  no  boul- 
ders of  this  rock,  but  southward  they  are  common;  and  though 
this  formation  extends  into  Iowa  only  at  its  northwest  corner,  its 
fragments  have  been  spread  by  the  ice-current  through  the  till  of 
that  State  west  of  the  Des  Moines  river  and  its  east  branch,  but 
not  farther  east. 

Everywhere  a  great  part  of  the  material  of  the  drift  has  been 
supplied  by  the  rocks  which  form  the  region  adjoining,  in  the 
direction  from  which  the  ice-current  came.  Boulders  and  pebbles 
of  any  peculiar  kind  of  rock  which  can  be  referred  to  a  particular 
source,  are  most  abundant  within  the  first  ten  or  twenty  miles 
from  their  parent  ledges;  and  they  diminish  in  numbers  and  aver- 
age size  as  the  distance  from  their  source  increases.  While 
the  drift  is  always  made  up  largely  in  this  manner  from  the  forma- 
tions of  its  vicinity,  some  parts  of  its  mass,  including  both  fine  detri- 
tus and  boulders,  were  gathered  at  great  distances.  Fragments  of 
Laurentian  rocks  in  the  till  south  and  west  of  Minnesota,  appear 
to  have  been  carried  by  the  ice-sheet  from  500  to  700  miles. 

Upon  the  district  lying  between  the  St.  Croix  and  Mississippi 
rivers,  along  the  St.  Louis  river  to  its  bend  in  T.  51,  R.  20,  and  on 
both  sides  of  Lake  Superior,  the  till  is  reddish,  its  color  some- 
times being  nearly  like  that  of  red  brick.  Generally,  also,  the 
stratified  gravel,  sjmd  and  clay  of  this  region  are  similarly  colored. 
Eastward  these  red  drift  deposits  extend  through  northern  Wiscon- 
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sin  and  the  upper  peninsula  of  Michigan  and  southward  into  cen- 
tral and  southern  Wisconsin  at  tlie  east  side  of  the  driftless  area. 
The  color  of  this  drift  is  caused,  as  Col.  ('harles  Whittlesey  has 
suggested*,  by  the  presence  of  a  considerable  portion  of  hematite, 
the  anhydrous  sesquioxide  of  iron,  derived  from  the  large  areas 
north  and  south  of  Lake  Superior,  which  are  occupied  by  rocks 
bearing  this  ore-  Bouldei*s  within  this  region  have  been  trans- 
ported from  the  northeast  to  the  southwest  and  south;  and  tlie 
courses  of  glacial  strije  are  in  these  directions.  The  red  till  in 
eastern  Minnesota  was  thus  deposited  by  a  part  of  the  ice-sheet 
which  came  from  Lake  Sui>erior,  and  extended  southwestward  to  a 
limit  that  coincides  approximately  with  the  course  of  the  Missis- 
sippi from  Brainerd  to  Hastings;  while  in  other  parts  df  the  State, 
blue  till,  colored  yellowish  near  the  surface,  was  formed  by  a  part 
of  the  ice-sheet  which  moved  from  the  northwest  and  north. 

The  terminal  moraines  which  form  the  i)rincipal  subject  of  this 
report,  show  that  the  southern  portion  of  the  continental  ice-sheet 
was  divided  into  great  lobes,  each  having  a  central  current  in  the 
direction  of  its  longer  axis,  with  diverging  currents  bending  from 
this  and  becoming  perpendicular  to  its  border.  The  red  and  l)lue 
tills  were  the  deposits  of  two  such  ice-lobes  which  overspread  Min- 
nesota from  the  northeast  and  northwest.  During  the  most  severe 
€poch  of  the  ice  age,  befon»  that  in  which  the  terminal  moraines 
of  Minnesota  were  accumulated,  an  ice-sheet  reached  much  farther 
south,  to  a  limit  20  to  100  miles  southwest  and  south  of  the  Mis- 
souri river  and  within  a  less  distance  north  of  the  Ohio  river.  Por- 
tions of  this  glacial  sheet,  moving  from  the  northeast,  north,  and 
northwest,  enclosed  an  area  about  150  miles  long  from  north  to 
south  and  100  miles  wide,  lying  principally  in  southwestern  Wis- 
consin, but  extending  into  Illinois,  Iowa  and  southeastern  Min- 
nesota, which  was  not  covered  by  ice  and  has  no  till  nor  striie. 
This  driftless  area  has  a  less  average  height  than  the  adjoining  re- 
gions which  were  glaciated.  Climatic  conditions  of  greater  snow- 
fall and  lower  temperature  seem  to  have  produced  the  ice-fields, 
which  lay  at  each  side  of  this  tract  and  were  confluent  farther 
south.f  The  wedge-shaped  area  of  highland  that  reaches  south- 
west from  Keweenaw  Point,  at  the  south  side  of  Lake  Sup<Tior, 
and  the  depressions  of  Lake  Michigan  and  Lake  Superior,  have 
also  been  regarded  as  the  causes  of  this  division  of  the  continental 

glacier. :( 

•On  the  Fresh -watiT  (Jlju-ial  Drift  of  tho  Korthwostern  States,  in  Sniitlisoiiiun  Coii- 

trlbUttolM,  1864,  ])1).  8  illKl  !). 
tProf.  J.  D.  Uaiia,  in  Am.  .I<mr.  Koi.,  April.  1H78  :  Third  serlrs.  vol.  xv..  pji.  lyio— 255 
tProf.  V,  H.  Winchell.  in  fifth  An.  liep.  on  (W-ol.  Siir.  of  Minn.,  18TG,  pp.  30  and  37  ;  and 

FffOL  B.  D.  Irving,  in  Geology  of  WLsconsin.  vol.  li.  1877. 
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The  occurrence  of  this  driftless  tract  shows  that  the  ice-sheei 
which  reaches  farthest  south  was  divided  in  portions  that  moved 
independently,  with  diverging  and  converging  currents;  and  that 
in  respect  to  the  districts  over  which  they  extended,  these  glacial 
movements  corresponded  to  the  lobes  that  formed  the  southern 
part  of  the  ice-sheet  at  the  later  time  when  the  looped  moraines  of 
Wisconsin,  Minnesota,  Iowa  and  Dakota  were  pushed  out  at  its 
margin. 

The  red  and  blue  tills  were  being  deposited  during  each  of  these 
epochs,  and  where  the  blue  overlaps  the  red,  as  in  Hennepin 
county,  both  may  have  been  formed  while  the  ice-sheet  reached  to 
its  farthest  limit,  covering  all  this  region  excepting  the  driftless 
area  at  the  southeast.  Differences  in  climate,  intervening  between 
the  early  and  late  portions  of  this  epoch,  would  then  appear  to 
have  extended  the  ice-fields  on  the  west,  pushing  back  the  glacial 
current  which  came  from  the  northeast,  by  which  the  red  drift 
was  brought.  The  later  ice-sheet  which  formed  our  terminal  mo- 
raines was  here  divided  into  lobes  that  similarly  advanced  from 
the  northwest  and  northeast,  approaching  near  each  other  at  the  west 
and  east  borders  of  Minneapolis,  and  meeting  in  northern  Dakota 
county,  a  few  miles  farther  south.  At  this  time  the  ice-lields  mov- 
ing from  the  northwest  extended  here  at  least  several  miles  east- 
ward over  the  edge  of  the  earlier  sheet  of  red  till ;  and  it  may  be 
found,  by  more  full  and  detailed  study  of  the  terminal  moraines 
through  this  part  of  the  State,  that  all  the  blue  till  overlyingjthe 
edge  of  the  red  till  was  brought  during  this  last  glacial  epoch,  in 
which  a  new  deposit  of  red  drift  was  also  spread  over  eastern  Min- 
nesota to  the  moraine  that  was  then  formed  by  the  ice-fields 
moving  from  the  northeast. 

TERMINAL  MORAINES. 

Within  the  last  five  years  a  very  important  contribution  to  our 
knowledge  of  the  ice  age  has  been  made  in  the  discovery  of  dis- 
tinct series  of  drift-hills  which  appear  to  have  been  accumulated  at 
the  margin  of  the  continental  ice-sheet,  corresponding  to  the  ter- 
minal moraines  of  alpine  glaciers.  The  most  notable  of  these 
deposits  which  have  been  found  at  the  extreme  limit  of  sclacial 
action  is  the  series  of  drift-hills  which  has  been  explored  by  Pro- 
fessors Cook  and  Smock  across  northern  New  Jersey,*  and  by  the 
writer  through  the  entire  length  of  Long  Island,  and  on  Block 

*  Annual  Report  of  tne  State  Oeologist  for  the  year  1877,  pp.  9-22,  with  map. 
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Island,  Martha's  Vinevard  and  Nantucket.*  Five  to  thirty  miles 
north  of  this  line  a  second  morainie  series  extends  from  Port  Jef- 
ferson eastward  along  tlie  north  shore  of  Long  Island,  through 
Plum  and  Fisher's  ishxnds,  along  the  south  shore  of  Rhode  Fshmd, 
forms  the  chain  of  the  Elizabeth  islands,  and  reaches  along  Cape 
Cod  to  its  east  shore.f  Fn  Pennsvlvania  the  continuation  of  thcs«»^ 
moraines  westward  is  now  being  traced  by  th«*  second  geologic  al 
survey  of  that  State.  The  extreme*  limit  of  the  ghxciai  drift  has 
not  yet  been  found  to  be  markt^l  by  extraordinary  deposits  in  the 
interior  of  the  United  States;  but  a  most  notable  series  of  termi- 
nal moraines,  north  of  this  line  and  i)robably  contemporaneous 
with  that  of  Cape  ('od,  is  found,  as  shown  by  Professor  Chamber- 
lin,J  stretching  Jicross  Ohio,  and  represented  in  northern  Indiana, 
southern  Michigan,  northeastern  Illinois,  and  very  remarkably  in 
the  Kettle  Moraine  of  Wisconsin.}? 

Plate  VI.,  at  the  end  of  this  report,  shows  the  er)urse  of  this 
formation  from  central  Wisconsin  to  tlie  Coteau  du  Missouri,  the 
direction  of  glacial  movements,  and  the  drifth'ss  area.  In  Wiscon- 
sin this  follows  the  descriptions  and  maps  of  the  geological  survey 
by  Professors  Chamberlin  and  Irving.  The  terminal  moraine 
marking  the  limit  of  the  ice-fields  which  jnished  south  westward 
from  Lake  Superior  in  our  last  glacial  e])och,  continuous  with  the 
Kettle  Moraine  of  W^isconsin,  enters  Minnesota  at  the  west  side  of 
St.  Croix  lake,  is  crossed  twice  by  the  Mississij)pi,  7  to  10  miles 
south  of  St.  Paul,  and  again  betwe(»n  this  city  and  Fort  Snelling, 
and  reaches  thence  northward  In^tween  Saint  Paul  and  Minneapo- 
lis, to  the  hills  of  Manomin  and  Mound  View.  Its  tMUirse  thence 
north  and  northwest  to  the  Leaf  hills  has  not  yet  been  fully  ex- 
plored. The  plan  for  the  field-work  of  1881  covers  this  district 
and  the  valley  of  the  Red  river,  which  was  occuj)ied  by  the  glacial 
Lake  Agassiz  during  the  recession  of  the  ice-sheet,  as  partially  de- 
scribed in  my  preliminary  report  for  1S79.  That  report  also  de- 
scribed this  terminal  moraine  in  its  course  from  the  Leaf  hills  in 
southern  Otter  Tail  county,  southward  through  Doughis  and  Pope 
counties,  eastward  through  Kandiyohi,  Meeker  and  \\'right  coun- 
ties, and  agiiin  southward  through  Hennei>in.  Scott,  Hice  and  Le 
Sueur  counties;  showing  that  this  series  of  drift  hills,  extending 
250  miles,  if  we  include  also  the  medial  moraine  that  continues  50 
miles  north  from  the  Leaf  hills  to  White  Earth  Ag(»ncy,  wasaccu- 

*  American  J  ourrutl  nf  Scunrc  ami  Arti*,  Aii^.  and  Sept.,  1879  ;  Tliinl  s<Ties,  v«il.  xvill. 
f American  yaturallkf^  Au^.  and  Sept..  Istm  ;  vol.  xiii. 

t*'Ou  the  Extent  and  Sl^^nillcance.  of  the  Wisconsin  Kettle  ^Moraine,"  in  Trarmctioin* 
iif  the  Wiicoiutin  Acmlr.mif  nt  Sri,  im ,  iK7s,  with  maps. 
%Oeokigytj^\Vi»coiiitint  vol.  ii..  1677  ;  and  vo].  iii..  l{<i^). 
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mulated  at  the  northeast  side  of  a  prolongei  lobe  of  the  ice-sheet 
which  reached  from  the  Leaf  hills  southward  into  Iowa,  having  its 
west  side  at  the  Coteau  des  Prairies. 

The  exploration  of  this  terminal  moraine  in  1880,  as  detailed  in 
the  following  pages,  continues  from  the  limit  of  the  preceding 
year,  at  the  south  side  of  Rice  and  Le  Sueur  counties,  through 
Steele,  Waseca  and  Freeborn  counties,  and  into  Iowa  to  Mineral 
Kidge  in  northern  Boone  county,  a  distance  southward  of  140  miles; 
and  reaches  along  the  west  side  of  the  (J -shaped  course  of  this 
formation  from  the  north  part  of  Guthrie  county,  in  Iowa,  to 
Spirit  lake  and  northeastern  Osceola  county  at  the  north  line  of 
the  State,  across  southwestern  Minnesota  upon  the  Coteau  des 
Prairies,  and  into  Dakota  to  t.  119,  r.  60,  in  Grant  county,  20 
miles  southwest  of  Big  Stone  lake,  a  distance  of  260  miles;  making, 
upon  both  sides  of  this  morainic  loop,  a  total  of  400  miles.  The 
moraine  described  by  Dr.  C.  A.  White,*  in  Hancock  ftnd  Kossuth 
counties,  Iowa,  at  first  supposed  to  mark  the  southern  end  of  the 
ice-lobe  at  the  border  of  which  this  curved  series  of  hilly  and 
knolly  drift  was  accumulated,  appears  instead  to  be  a  medial  mo- 
raine, connected  with  the  east  side  of  this  loop  which  reaches 
southward  beyond  the  center  of  Iowa. 

Beyond  the  western  limit  of  this  exploration  in  Dakota,  our 
map  is  based  on  the  various  authorities  which  are  cited  in  the  de- 
scription of  the  apparently  medial  moraine  which  reaches  from  the 
Head  of  the  Coteau  des  Prairies,  west  of  Lake  Traverse,  275  miles 
northwesterly  to  the  Devil's  lake  and  Turtle  mountain,  and  of  the 
looped  terminal  moraine  which  extends  south  at  the  west  side  of 
the  Big  Sioux  river,  then  west  across  the  lower  part  of  the  James 
river  and  northwest  upon  the  Coteau  du  Missouri.  The  features 
of  these  moraines  upon  our  national  boundary  at  Turtle  mountain 
and  at  the  northwest  corner  of  Dakota,  the  latter  being  outside 
the  area  of  this  map,  are  from  Mr.  George  M.  Dawson,  of  the 
Geological  Survey  of  Canada.  Still  farther  north  the  continuation 
of  the  moraine  of  the  Coteau  du  Missouri  is  briefly  described  from 
the  writings  of  the  same  author,  and  from  the  report  of  Prof.  H. 
Y.  Hind  on  explorations  in  the  region  of  the  Assiniboine  and  the 
South  and  North  Saskatchewan  rivers. 

Professor  Hind  also  gives  an  account  of  channels  that  have  been 
deeply  excavated  in  the  glacial  drift,  and  have  since  become  par^ 
tially  filled,  so  that  the  present  streams  flow  through  long  lakes. 
The  most  remarkable  of  these  channels  or  valleys  is  that  which 

^Geology  of  Iowa,  1870,  vol.  i.,  pp.  98  and  99. 
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reaches  from  the  elbow  of  the  South  Saskatchf^waii  to  the  As^sini- 
boine  river,  lx?mg  oecuj)ied  by  the  Kiver  that  Turns  and  the  (iu'Ap- 
pelle  or  Galling  river.  Gen.  G.  K.  Warren  has  calUnl  attention* 
to  the  similarity  of  these  valleys  with  that  which  was  the  outlet  of 
Lake  Agassiz  and  now  contains  Lakes  Traverse  and  Big  Stone  and 
the  Minnesota  river.  The  formation  of  the  vallevs  described  by 
Professor  Hind  niav  be  well  referred  to  cfiuses  like  that  which  is 
believed  by  the  writer  to  havt*  formed  the  Minnesota  valley,  name- 
ly, the' existence  of  lakes  within  l)}isins  which  sIojh*  to  the  north 
or  northeast,  held  by  the  barrier  of  the  ice-sheet  during  its  reces- 
sion northward  at  the  close  of  the  glacial  period,  and  outflowing 
over  the  present  lines  of  watershed  until  the  dt?parture  of  the  ice 
permitted  drainage  to  take  place  as  now.  By  applying  this  expla- 
nation to  the  ancient  channels  which  evidently  have  carried  large 
rivers  southeastward  over  the  watershe<ls  of  the  basins  of  the  South 
Saskatchewan  and  Souris  rivers,  we  are  ena])led  to  note  the  suc- 
cessive steps  by  which  the  ice-sheet  retreated.  After  it  had  been 
melted  away  upon  Dakota  and  nearly  to  the  north  line  of  Minne- 
sota, it  appears  to  have  re-advanced,  forming  the  apparently  con- 
temporaneous terminal  moraines  of  the  Blue  hills  and  the  Me- 
sabi  range,  the  former  reaching  75  miles  east  from  the  lower  part 
of  the  Souris  or  Mouse  river,  and  the  latter  extending  through 
northern  Minnesota  eastward  from  the  sources  of  tlie  Mississippi. 
Lake  Agassiz  filled  the  dej)ression  which  lies  between  these  mo- 
rainic  series,  concealing  the  coarser  drift  l^eneath  its  stratitied  sand 
and  clay. 

The  material  of  the  terminal  and  medial  moraines  which  have 
been  explored  during  1ST1>  jind  1S80.  extending  650  miles, is  nearly 
everywhere  till,  or  chiefly  till  with  scanty  deposits  of  modified 
drift.  The  latter  consists  of  olilicpiely  and  irregularly  stratitied 
gravel  and  saui],  the  gravel  often  being  very  coarse,  with  pebWes 
and  rounded  stones  of  all  sizes  up  to  a  toot  or  more  in  diamt»ter. 
It  either  occurs  enclosed  in  th*»  till,  fonriing  beds  and  masses  of 
variable  shapes  from  a  ft;w  inches  to  several  feet  in  thickness,  or 
rarely  it  is  spread  upon  the  surface  and  forms  knolls  and  ridges. 
No  considerable  area  or  large  portion  of  the  entire  nuiss  of  this 
formation  is  found  to  consist  of  this  mo(lifit?d  drift,  assorted  and 
deposited  in  layers  by  currents  of  water,  within  this  region;  but 
n  some  parts  of  the  course  of  these  series  of  terminal  drift  depos- 
its, as  notably  on  Long  Island,  they  are  made  up  wholly,  so  far  as 
can  be  seen  on  the  surface  and  ijj  excavations,  of  such  stratitied 

•An  Essay  coiicorninG:  Iinportiint  riiy^iicul  Kfaturosrxhiblti'cl  in  tlu*  Valley  of  tht-  Min- 
neiota  Klver  aiid  upou  their  Signillcuiioii.    Kn^r.  Dept.,  T.  S.  Army  :    1H74. 
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beds.  The  till  of  the  moraines  differs  very  noticeably  from  the 
more  level  areas  of  till  which  generally  lie  at  each  side;  in  that 
the  former  has  many  more  boulders,  and  a  much  larger  intermix- 
ture of  gravel  and  sand  than  the  latter.  On  an  average,  probably 
twenty  times  as  many  rock-fragments,  both  large  and  small,  occur 
in  the  morainic  hills  and  knolls  as  on  the  smoother  tracts,  and 
sometimes  the  ratio  is  a  hundredfold.  The  smaller  pebbles  and 
stones  have  angular  and  unworn  forms,  or  more  frequently  are 
rounded,  probably  by  water- wearing  before  the  glacial  period,  or 
show  planed  and  striated  surfaces,  due  to  grinding  under  the  mov- 
ing ice-sheet.  The  large  boulders  are  mostly  less  than  live  feet, 
but  rarely  are  ten  feet  or  more  in  diameter.  In  form  they  are 
subaugular  and  of  irregular  shape,  rarely  showing  any  distinctly 
water-worn  or  glaciated  surface. 

In  contour  these  deposits  are  very  uneven,  consisting  usually  of 
many  hillocks,  mounds  and  ridges  of  rough  outlines  and  broken 
slopes  with  enclosed  hollows,  which  are  sometimes  nearly  round, 
but  more   generally   have   some   irregular  form,   often   holding 

sloughs  and  lakelets.     The  only  indication  of  system  appears  in 
the  frequently  noticeable  trends  of  the  elevations  and  depressions 
in  a  direction  approximately  parallel  with  the  course  of  the  series. 
It  should  be  added  that  the  ridges  which  occur  as  part  of  this  for- 
mation differ  from  the  ridges  of  interbedded  gravel  and  sand  called 
kames,  in  their  material,  which  is  boulder-clay  or  till;  in  their 
trend,  at  right  angles  with  the  course  in  which  the  ice  moved, 
while  series  of  kames  extend  nearly  in  the  direction  taken  by 
glacial  currents;  and  in  their  length,  single  ridges  of  the  moraines 
being  only  from  a  few  rods  to  a  quarter  of  a  mile  or  very  rarely 
perhaps  a  half  mile  long,  while  a  single  ridge  in  a  series  of  kames 
is  generally  longer,  and  is  sometimes  distinctly  traceable  ten  or 
twenty  miles.     In  this  State,  however,  prolonged  kames,  compara- 
ble with  those  of  Sweden  and  Scotland,  and  those  recently  de- 
scribed in  Maine  by  Prof.  George  H.  Stone,  in  Massachusetts  by* 
Rev.  6.  F.  Wright,  and  in  New  Hampshire  by  the  writer,  have  not 
been  found.     Besides  the  very  rough,  knolly  and  ridgy  portions  of 
moraines,  in  some  other  districts  within  the  extent  of  these  explo- 
rations they  have  only  a  prominently  rolling  surface,  moulded  in 
smooth  swells  of  moderately  steep  and  gracefully  curved  slopes, 
also  trending,  wherever  any  uniformity  is  noticeable  in  the  direc- 
tion of  the  series.     Neither  these  nor  any  other  drift  accumula- 
tions observed  in  this  region  have  the  smoothly  oval  contotir  of 
the  remarkable  lenticular  hills  of  till  described  by  Prof.  C.  H. 
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Hitchcock  and  other  ^mters  in  New  England;  and  the  trends  of 
these  two  classes  of  drift  hills  differ  ninety  degrees  in  their  relation 
to  the  course  of  motion  of  the  ice-sheet. 

The  height  of  the  moraine  elevation  above  the  intervening  hol- 
lows is  generally  from  25  to  75  or  100  feet.  The  only  district 
where  they  are  higher  for  any  considerable  part  of  the  series  is  the 
Leaf  hills,  which  through  a  distance  of  20  miles  rise  from  100  to 
350  feet  above  the  adjoining  country.  Upon  the  Coteau  of  the 
Prairies  and  the  Coteau  of  the  Missouri  moraines  lie  on  areas  of 
highland,  to  the  altitude  of  which  they  appear  to  add  75  or  100 
and  rarely  1 50  or  200  feet. 

For  agriculture  the  value  of  these  terminal  and  medial  moraines 
is  much  less  than  that  of  the  gently  undulating  till  which  gener- 
ally covers  other  parts  of  this  region.  Among  the  hills  of  this  for- 
mation, however,  are  found  considerablearejus  which  have  a  smooth 
surface,  nearly  free  from  boulders,  and  possess  a  highly  productive 
soil.  In  other  districts  the  entire  morainic  belt  is  in  smooth 
swells,  being  all  good  farming  land.  The  portions  which  are  too 
knolly  and  stcmy  for  desirable  cultivation  aftord  excellent  pasturage; 
for  the  greater  part  of  this  formation  like  the  region  through  which 
it  extends,  is  prairie,  or  natural  grass  lands,  without  tree  or  bush. 
Its  rough  and  hilly  l)elts  occupy  at  the  most,  only  a  width  of  a  few- 
miles,  and  nowhere  merit  the  (lescrii)tion  which  Owen,  usually  a 
very  accurate  observer,  gave  of  them  in  northern  Iowa,  where  he 
reported  that  **a  desolate,  barren,  knobby  country pre- 
vails for  about  three  quarters  of  a  degree  of  latitude,  and  between 
three  and  four  degrees  of  longitude,  embracing  the  watershed 
where  the  northern  branches  of  the  Red  Cedar  and  Iowa,  and  the 
eastern  branches  of  the  Des  Moines,  take  their  rise."*  The  south- 
ward continuation  of  the  Minnesota  moraines  has  been  traced  bv 

%' 

the  writer,  jis  hereafter  described,  through  this  district,  which  is 
found  with  the  exception  of  narrow  belts,  to  Ix?  like  nearly  all  the 
region  explored  durinii:  these  two  years,  very  productive  and  eiisily 
cultivate  land. 

Among  tliH  princij)al  additions  to  our  knowledge  of  the  glacial 
period  afforded  by  the  exploratitnis  Jliere  reported,  we  may  place, 
first,  the  occurrence  of  two  w(»ll  marked  morainic  series,  composed 
of  hilly  and  knolly  drift,  each  a  few  miles  in  width,  divided  by  a 
belt  of  smoother  surface,  from  two  or  three  to  twentv-five  miles 


♦Keport  of  a  Geological  Survey  of  Wisconsin,  lowii  and  Minnesota,  1852  ;  Introduction. 
pp.  XXXV  and  xxxvl. 
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wide,  extending  through  nearly  this  entire  distance  of  400  miles. 
This  is  found  to  be  the  character  of  the  deposits  accumulated  both 
at  the  east  and  west  borders  of  the  ice-lobe,  which  reached  south- 
ward from  Minnesota  to  central  Iowa.  In  Yellow  Medicine  and 
Lac  qui  Parle  counties  a  third  morainic  range  extends  through  a 
distance  of  forty  miles,  and  is  continued  beyond  in  Dakota.  As 
the  course  of  the  formation  makes  a  loop  like  the  letter  [J,  having 
been  accumulated  by  ice-fields  covering  the  district  enclosed,  the 
outer  moraine  on  each  side  is  known  to  have  been  first  made;  then* 
after  a  retreat  of  the  ice-sheet,  probably  followed  by  a  re-advancer 
the  innertnoraine  was  formed:  and,  lastly,  the  third  range,  which 
lies  still  farther  within  this  area;  for  the  inner  series  would  have 
lost  their  roughly  knolly  and  hilly  contour,  if  they  had  been  cov- 
ered by  a  moving  ice-sheet,  forming  terminal  deposits  beyond  them. 
Since  the  observation  of  this  twofold,  and  in  part  threefold  char- 
acter of  this  formation,  the  writer  finds  that  Professor  Chamber- 
lin  records  it  as  similarly  exhibiting  three  distinct  morainic  belts,, 
divided  by  smoother  tracts,  in  a  section  between  Black  Brook  (T. 
32,  R.  16)  and  St.  Croix  Falls,  at  the  west  side  of  Wisconsin.* 

A  second  observation  of  much  importance  is  that  the  abundance 
of  lakes  which  dot  the  map  of  Minnesota  and  northern  Iowa,  ex- 
tends only  to  the  outer  line  of  the  moraine  here  described,  which 
appears  to  have  been  accumuLated  at  the  border  of  the  ice-sheet  in 
our  last  glacial  epoch.  In  southeastern  Minnesota  the  glacial  drift 
reaches  fifty  miles  farther  east  to  the  driftless  area,  and  in  south- 
western Minnesota  covers  Pipestone  and  Rock  counties,  beyond 
this  moraine;  but  within  these  districts,  and  upon  the  large  area  in 
eastern  and  southern  Iowa,  and  in  northern  Minnesota,  which  are- 
covered  by  drift,  lakes  are  very  rare,  and  none  of  any  considerable- 
size  exist.  Professor  Chamberlin  has  also  noted  the  same  pres- 
ence of  many  lakes  along  the  belt  of  the  Kettle  Moraine  and  north- 
ward in  Wisconsin,  and  their  absence  from  the  region  southward.. 
As  to  what  this  remarkable  difference  teaches  concerning  the  rela- 
tive age  of  the  drift  upon  these  areas,  or  the  conditions  attending 
the  earlier  epoch,  when  an  ice-sheet  extended  much  farther  souths 
we  are  not  yet  pre]>ared  to  express  an  (pinion. 

Another  point  to  which  we  wish  to  call  the  attention  of  glacial- 
ists  is  the  great  length,  in  proportion  to  the  width,  of  the  ice-lobe 
which  accumulated  at  its  east  and  west  sides  the  looped  moraine 
that  reaches,  in  nearly  parallel  belts,  from  the  Leaf  hills  400  miles, 
and  from  the  Head  of  the  Coteau  des  Prairies  300  miles,  south- 

*Geol()gy  of  Wiseousiu,  Vul.  Ui^  L9S9 ;  pp.  384  and  385. 
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southeast  to  central  Iowa.  The  distance  between  the  exterior  lim- 
its of  these  belts,  which  mea.siires  the  width  of  this  ice-lobe  at  its 
greatest  extent,  is  from  85  to  125  miles.  If  we  compare  this  with 
its  length,  and  consider  the  approximating  local  and  uniform  char- 
acter of  the  district  covered  by  the  ice,  and  the  areas  at  each  side 
which  it  did  not  cover,  it  seems  to  be  a  necessary  conclusion  that 
this  prolongation  of  the  ice-sheet  beyond  the  great  expanse  which 
it  wholly  covered  farther  north,  was  due  principally  to  greater 
snowfall  and  colder  temperature  upon  the  district  occupied  by  this 
ice-lobe,  than  on  the  adjoining  areas  at  the  east  and  west.  Some 
portion  of  these  ice-fields  was  doubtless  supplied  by  a  glacial  cur- 
rent from  the  north,  but  the  greater  part  was  apparently  the  re- 
sult of  local  climatic  conditions.  The  maps  accompanying  Pro- 
fessor Dana\s  article  on  the  causes  of  the  driftless  area,  already  re- 
ferred to,  indicate  that,  the  present  a<pieous  precipitation  upon 
these  districts  continuing  unchanged,  a  very  cold  climate  would  be 
likely  to  produce  an  ice-sheet  lobed  like  that  of  our  last  glacial  ep- 
och; and  tha*,  with  increased  cold,  it  might  extend  farther  south, 
enclosing  an  area  not  covered  by  ice. 

The  origin  of  the  series  of  drift  hills  here  described  is  confident- 
ly referred  to  the  action  of  the  continental  ice-sheet,  accumular 
ting  then  at  its  margin  and  in  medial  lines  within  the  ice-covered 
areas  where  converging  glacial  currents  were  pushed  together. 
This  conclusion  is  required  by  the  partly  near  and  partly  remote 
sources  of  their  material ;  by  its  generally  unstratified  condition ;  by 
its  transportation  next  to  these  hill-ranges  in  courses  nearly  at 
right  angles  toward  them,  and  by  the  variable  elevation  of  the  se- 
ries, conforming  to  all  the  irregularities  in  altitude  of  the  region 
across  which  it  extends.  Tables  of  heights,  determined  by  railroad 
surveys  within  this  region,  and  a  list  of  elevations  of  these  mo- 
raines, are  placed  at  the  close  of  this  essay. 

Directions  in  which  glacial  currents  moved  are  shown  on  the 
map  by  arrows  and  dotted  lines,  which  in  this  State  represent  the 
observations  recorded  in  the  following  table. 

Couraes  of  Glacial  Strue  in  Minneaota^ 
Keferred  to  tho  true  meridian. 

North  shore  of  Lake  Superior  (Norwood  iiiul  Whittlesey) S.  25^— -15"  W. 

Yermilion  lake  (Whittlesey) S.  15"  W. 

Rainy  lake  (Whittlesey) S.  40*^—00^  W. 

Lake  of  the  Woods  (G.  M.  Dawson) mostly  S.  W. 
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Duluth W.  S.  W. 

Hincldey,  Pine  county S.  5"^  W. 

Watab,  Benton  county S.  15"  W. 

St.  Croix  FaDs  (Chamberlin) S.  35°  E. 

Minneapolis,  Nicollet  island S.  5**  E. 

Minneapolis,  Hennepin  island b.  22°  E. 

Minneapolis,  quarry  opp.  University S.  12°  E. 

Big  Stone  lake S.  E. 

Oranite  Falls S.  45°— 50°  E. 

Beaver  Falls S.  60°  E. 

Fort  Ridgely S.  60°  E. 

Redstone,  near  New  Ulm S.  25°  E. 

Jordan S.  E. 

Posen,  Yellow  Medicine  county S.  50°  E. 

Echo,  Ydlow  Medicine  county S.  50°— 55°  E. 

T.  Ill,  R.  :38,  Redwood  county S.  50°— 60°  E. 

Stately,  Brown  county S.  50°— 55°  E. 

Oermantown,  Cottonwood  county S.  30°  E.  and  S.  70°  E. 

iDale,  Cottonwood  county S.  20°— 35°  E. 

Amboy,  Cottonwood  county S.  35°— 70°  E. 

Delton,  Cottonwood  county S.  15°— 80°  E. 

Selma,  Cottonwood  county S.  18°— 22°  E. 

Adrian,  Watonwan  county S,20°— 30°  E. 

Pipestone  quarry S.  20°— 30°  W. 

Mound,  Rock  county S.  25°— 35°  W. 

1}4  miles  N.  W.  from  last S.  and  S.  ^5°  W. 

Northwest  corner  of  lowa(White) S.  —  S.  8°  E. 


THE  TERMINAL  MORAINE  IN  STEELE,  WASECA  AND  FREEBORN  COUNTIES. 

South  from  Faribault  to  the  Iowa  line  this  formation  consists  of 
two  belts  of  knolly  and  hilly  till,  from  one  to  several  miles  in 
width,  extending  from  north  to  south,  divided  by  a  tract  of  gently 
u adulating  till,  from  six  to  fifteen  miles  wide.  In  Steele  county 
the  eastern  or  outer  morainic  belt  extends  through  Merton,  Ha- 
vana, Aurora  and  Blooming  Prairie,  its  eastern  range  of  townships. 
It  occupies  the  greater  part  of  Merton,  at  the  northeast  corner  of 
this  county;  but  its  hillocks,  mounds  or  swells  are  only  from  20 to 
30  and  rarely  40  feet  high.  Most  of  them  consist  of  till,  or  drift 
clay,  enclosing  boulders;  but  here  and  there  are  mounds  of  irregu- 
larly stratified  fine  gravel  and  sand.  The  east  third  of  Havana  has 
a  similar  rolling  surface,  bordering  the  west  part  of  Rice  lake. 
Through  Aurora  this  moraine  is  well  exhibited  in  scattered  mounds 
and  hillocks,  15  to  40  feet  high.  On  the  road  from  Owatonna  to 
Blooming  Prairie  and  Austin,  it  is  crossed  in  sections  9, 15  and  22, 
being  here  about  three  miles  wide.     At  Aurora  station,  and  for  1^ 
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miles  south,  this  formation  is  finely  seen  at  the  east  side  of  the' 
railroad,  by  which  it  is  crossed  in  section  28.  The  boundaries  of  the 
moraine  are  very  definite  in  this  township.  Its  narrowest  place  in 
the  county  is  found  in  section  28,  north  of  which  it  is  indented  on 
its  northwest  side  bv  a  tract  of  lowland  and  marsh,  which  lies  next 
west  of  the  railroad,  reducing  the  width  of  the  hilly  tract  to  one 
mile.  At  the  west  and  southwest  this  quickly  widens  attain  to  two 
or  three  miles,  covering  sections  2Ii.  30,  31  and  32,  of  Aurora,  and 
sections  25  and  36  of  Somerset,  with  a  })rofusion  of  knolls  and 
hills,  20  to  50  feet  high,  sprinkled  with  boulders,  principally  gran- 
ite and  gneiss,  mostly  less  than  two  feet  in  diameter,  with  occa- 
sional blocks  or  slabs  of  limestone,  sometimes  f)  or  8  feet  long. 
These  elevations  are  seldon  prolonged  more  than  a  f(?w  hundred 
feet.  The  trend  (»f  their  large  axis  is  more  frequently  from  east 
to  west  than  otherwise,  but  this  is  not  verv  noticeable.  From  the 
southeast  corner  of  Somerset  the  moraine  turns  s<)iithward,  ;ind 
extends  in  typical  hills  and  short  ridges  through  the  west  two  ranges 
of  sections  in  Bloouiing  Prairie.  Here  the  trend  of  its  separate 
elevation  is  most  frequently  from  u(n*th  to  south,  being  parallel,  as 
before,  in  its  east  to  west  trends,  with  th(»  course  of  the  whole  se- 
ries. In  the  west  j)art  of  secrtions  S  and  17,  Blooming  Prairie 
these  rough  hillocks  are  well  exhibited,  being  20  to  r>0  feet  above 
the  depressions,  and  75  or  100  feet  above  the  neighboring  creek. 
Thi^  eastern  belt  of  drift  hills  and  knolls  in  Fr^^eboin  countv  is 
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from  a  half  mile  to  one  and  a  half  miles  wide.  It  extends  south, 
through  Newrv,  Moscow  and  Oakland,  in  the  eiist  range  of  townships 
of  this  county,  and  next  passes  southwest  through  the  southeast  cor- 
ner of  Hay  ward  and  the  center  of  Shell  Rock,  the  two  southern 
townships  of  the  range  next  west.  More  exactly,  its  (?ourse  in 
Newry  w  through  sections  5.  9,  It).  21,  28  and  33,  and  in  Moscow 
through  sections  4,  9,  16,  20,  30  and  31.  The  roughest  of  this  se- 
ries in  Freeborn  county  is  in  the  school  secti<m  16,  in  Newry. 
where  it  presents  the  typical  morainic  contour  in  abundant  small 
hills,  short  ridges,  mounds  and  hollows  through  and  over  which 
a  road  extends  from  north  to  south.  In  Oakland  and  Shell 
Rock  this  morainic  belt  forms  the  water  shed  between  the  Cedar 
and  Shell  Rock  rivers.  Its  course  is  through  sections  6, 7,  17,  and 
the  east  part  of  18,  19  and  30.  Shell  Rock.  This  range  is  gener- 
ally 25  to  50  feet  above  the  smooth  and  nearly  level  or  gently  un- 
dulating till  on  esich  side. 

The  western  or  inner  moraine  lies  in  eastern  Waseca  county,  and 
20 
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in  the  southwest  edge  of  Steele  county,  and  extends  from  north  to 
south  in  Freeborn  county  by  Albert  Lea.  The  width  of  this  mor- 
ainic  belt  varies  from  three  to  ten  or  twelve  miles.  Its  hills  are 
almost  universally  till  or  unmodified  glacial  drift,  rising  in  smoothed 
but  variable  slopes,  and  exhibiting  no  parallelism  or  system  in 
their  trends.  From  Okamau,  at  the  north  line  of  Waseca  county, 
southeastward  through  the  northeast  part  of  losca  and  in  the 
southwest  corner  of  Bloomiug  Grove,  two  miles  north  of  Waseca, 
these  elevations  are  30  to  50  feet  high.  Through  Woodsville,  with- 
in two  to  four  miles  east  and  southeast  from  Waseca,  inconspicuous 
scattered  drift  hills  and  mounds,  constituting  a  generally  rolling 
surface,  represent  the  morainic  series.  In  Otisco,  the  next  town- 
ship south,  it  rises  to  its  usual  prominence  in  section  5,  one  and  a 
half  miles  east  of  Wilton,  where  we  find  numerous  steep  ridges 
and  round  or  irregular  hills,  more  strewn  with  boulders  than  the 
other  portions  of  this  township,  which  are  moderately  rolling  and 
occasionally  hilly.  The  east  two  ranges  of  sections  in  New  Rich- 
land are  mainly  covered  by  morainic  mounds,  swells  and  hills,  30 
to  60  feet  above  the  intervening  hollows.  In  Steele  county  this 
formation  occupies  the  northwest  part  of  Meriden  and  the  western 
two-thirds  of  Lemond  and  Berlin  townships,  being  here  made  up 
of  massive  swells  of  smooth  contour,  20  to  40  feet  above  the  fre- 
quent depressions,  many  of  which  contain  sloughs.  The  east  por- 
tion of  this  rolling  land  is  three  or  four  miles  west  of  Straight 
river.  The  greater  part  of  the  basin  of  the  Shell  Rock  river  in 
Freeborn  county  is  included  in  this  morainic  belt,  which  expands 
to  a  breadth  of  8  to  12  miles.  In  range  21,  this  includes  Bath, 
Bancroft  and  Albert  Lea  townships,  and  the  northwest  half  of 
Freeman,  in  range  22,  the  southeast  third  of  Hartland,  Manches- 
ter, except  its  west  margin,  Pickerel  lake,  exepting  sections  6,  7, 
and  part  of  18,  and  Nunda,  and  in  range  23,  the  southeast  corner 
of  Alden,  and  Mansfield,  the  southwest  township  of  the  county. 
In  Mansfield  these  drift  hills  enclose  a  large  plain  of  modified  drift 
which  extends  five  miles  west  from  Bear  lake.  The  hills  of  this 
belt  are  mostly  rather  smooth  swells  of  gracefully  rounded  out- 
lines, but  often  with  steeply  sloping  sides.  No  prevailing  trend  is 
noticeable.  Their  most  conspicuous  developement  is  found  about 
three  miles  west-northwest  from  Albert  Lea,  being  within  a  mile 
weft:tvvard  froyi  White  lake  in  sections  1  and  2  of  Pickerel  lake 
township.  Here  their  crests  are  from  75  to  100  feet  above  the 
hollows;  and  in  other  parts  of  this  county  they  are  generally  from 
40  to  60  feet  high. 


STATE   ftEOLOGlST.  297 

Prominent  drift  hills  which  occur  in  Kiestcr,  tlie  southejustern 
township  of  Faribault  county,  are  so  closely  connected  with  this 
moraine  in  southwestern  Freeborn  county,  that  they  appear  to  be 
a  part  of  the  same  belt,  and  are  probably  a  terminal  deposit  of  the 
ice-sheet.  If  so,  these  hills  show  that  near  the  close  of  this  glacial 
epoch  the  ice-margin  here  became  indented  by  a  re-entrant  angle. 
between  the  two  confiu(»nt  ice-currents  bv  which  the  medial  mor- 
aine  that  reaches  northwest  across  this  county  was  formed.  The 
most  hilly  portions  of  Kiester  are  its  south  side  for  a  width  of  one 
mile,  and  a  belt  through  its  northeast  portion  from  sec.  13  to  sees. 
3  and  4.  The  bust  mentioned  hills  are  the  most  conspicuous  of 
this  region,  and  are  visible  fifteen  miles  to  the  north  and  west. 
Their  height  is  from  100  to  200  feet  above  the  lowland  in  these 
directions  and  above  Bear  lake  ia  Freeborn  county;  the  highest 
points,  which  are  in  the  southwest  quarter  of  section  three,  being 
about  1400  feet  above  the  sea.  These  are  massive  hills  of  till,  of 
irregular  outlines,  but  trending  somewhat  more  from  eiLst  to  west 
than  in  other  directions. 

Northwest  from  the  Kiester  hills,  a  belt  of  hilly  or  more  or  le>s 
rolling  land,  believed  to  be  contemporaneous  in  origin  with  the  f  orr> 
^ing,  and  formed  as  a  medial  moraine  by  conveying  icennirrents 
Teaches  twenty  miles  to  the  southwest  part  of  Lura:  and  ten  miles 
beyond  appears  to  be  represented  by  a  hilly  and  rolling  tract  in 
the  northwest  part  of  Sterling,  in  Blue  Earth  county.  In  Foster, 
the  township  next  north  of  Kiester,  it  is  boldly  rolling  in  hills  of 
till  50  to  75  feet  high,  from  section  28  north  and  northwest  by 
Rice  Lake,  where  it  extends  with  a  width  from  one-half  mile  to 
one  mile  at  each  side  of  the  lake.  Still  farther  northwest  the 
same  contour  and  material  )»order  the  east,  north  and  west  sides  of 
Wahiut  lake,  including  the  most  of  sections  25  to  28  and  33  to  36, 
of  Walnut  lake  township.  In  sections  16  and  8,  2. V  to  5  miles 
northwest  f.om  this  lake,  is  an  area  of  swells,  knolls,  and  north- 
west to  southeast  ridges,  30  to  40  feet  high,  of  very  gentle  slopes. 
composed  mainly  of  stratified  sand  and  fine  gravel,  as  shown  by 
wells,  which  do  not  penetrate  these  deposits  of  modified  tlrift  ai  the 
depth  of  50  feet.  In  liarl»er,  the  township  next  west,  a  promi- 
nently rolling  tract  is  found  about  tin?  little  lakes  in  sections  14, 
15,  22  and  25.  The  material  here  is  till,  and  its  swells  or  hills  are 
30  to  50  feet  i.bove  the  hollows.  Through  six  miles  thence  north- 
west a  more  or  less  rolling  surface  of  the  unmodified  glacial  drift 
continues  in  a  belt  about  two  miles  wide,  to  the  south-west  part  of 
Lnra  and  the  east  edge  of  Delavan.     This  morainic  belt  divides  two 
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extensive  areas  of  till,  which  are  characterized  by  a  very  smooth, 
flat  surface. 


EXPLORATION   OF  THE  TERMINAL  MORAINE  IN  IOWA. 

The  course  and  general  character  of  this  formation  in  its  con- 
tinuation from  Freeborn  county  southward  into  Iowa,  have  been 
explored  through  portions  of  Worth  and  Winnebago  counties,^ 
Cerro  Gordo  and  Hancock,  Franklin  and  Wright,  Hardin  and  Ham- 
ilton, Story  and  Boone  counties,  to  Mineral  Ridge  in  northern 
Boone  county,  90  miles  south  of  the  Minnesota  line.*  Through 
the  north  half  of  this  distance  it  continues  in  two  belts  of  hilly 
and  knoUy  or  rolling  till,  from  one  to  five  miles  in  width  extend- 
ing approximately  from  north  to  south,  nearly  parallel  with  each 
other,  and  divided  by  a  tract  of  slightly  or  moderately  undulating^ 
till,  5  to  15  miles  wide.  At  the  northeast  corner  of  Hancock 
county,  these  belts  are  united  by  a  notably  morainic  area,  three  or 
tour  miles  in  width,  lying  at  the  north  side  of  Lime  creek,  and 
culminating  in  Pilot  Mound,  which  is  about  200  feet  high,  being 
the  most  promment  hill  found  in  the  whole  extent  of  this  moraine 
in  Iowa.  Westward  from  Pilot  Mound,  a  typically  morainic  belt^ 
varying  from  one  half  mile  to  three  miles  in  width,  extends  in 
northern  Hancock  county  along  the  north  side  of  Lime  and  Silver 
creeks,  passing  about  a  mile  south  of  Forest  City,  and  by  Lake 
Edward,  Crystal  lake,  and  Buffalo  Grove,  to  Lake  George,  terminat- 
ing ten  miles  west  of  the  principal  north  to  south  moraine,  of 
which  it  appears  to  be  a  medial  branch,  produced  by  convergent 
ice-currents.  Forest  City  and  Lake  Edward  are  respectively  five 
and  ten  miles  west  of  Pilot  Mound,  and  from  them  another  tract 
which  has  frequent  moraine  accumulations  of  similar  medial  origin^ 
varying  in  width  from  three  to  six  miles  or  more,  reaches  north- 
westward forty  miles  through  western  Winnebago  county  and 
northeastern  Kossuth  county,  to  East  Chain  and  Fairmont,  in 
Minnesota. 

South  from  Pilot  Mound  in  Hancock  county,  this  terminal  line 
of  drift  hills  has  no  branch  like  the  foregoing  for  the  next  seventy 
miles,  to  Mineral  Ridge,  which  may  have  had  a  similar  origin,  but 
is  believed  to  be  more  probably  an  inner  belt  of  the  terminal  mor- 
aine, though  the  cause  of  its  outer  series,  supposed  to  continue 
southward,  has  not  been  explored.  Conspicuous  portions  of  this 
formation  are  found  in  eastern  Wright  county,  and  in  the  south- 
west part  of  Franklin  county;  and  its  entire  extent  has  a  promi- 
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nently  undulating,  rolling,  or  hilly  contour,  in  notable  contrast 
with  the  smooth,  slightly  undulating  and  often  nearly  level  areas 
at  each  side.  The  material  of  these  tracts  is  chiefly  till,  with  the 
occasional  exception  of  plains  of  strntiflcd  gravel  and  sand,  which 
extend  a  few  miles  east  or  southeast  from  the  moraine.  These 
deposits  of  modified  drift  are  believed  to  have  been  brought  by  riv- 
ers that  flowed  down  from  the  surface  of  the  ice-sheet  at  the  west. 
Irregularly  bedded  gravel  and  sand  occur  frequently  in  the  hillocks 
of  the  moraine,  sometimes  forming  their  entire  mixss,  but  quite  as 
often  in  pockets  or  beds  of  small  extent  and  varying  from  less 
than  one  foot  to  ten  feet  or  more  in  thickness,  included  in  the  till 
which  almost  universally  makes  up  the  greater  part  of  this  forma- 
tion. Aside  from  such  enclosed  layers  of  modified  drift,  this  till 
rarely  shows  any  marks  of  stratification,  and  contains  more  boul- 
ders than  upon  its  nearly  level  tracts. 

In  Worth  countv  the  eastern  ]>clt  of  this  moraine  enters  Iowa  in 
sections  8  and  9.  Northwood,  and  extends  four  miles  southwest, 
with  a  width  of  about  li  miles,  to  section  24,  Hartland:  and  then 
three  miles  south  to  the  northeast  corner  of  Brookfield.  It  con- 
sists of  uneven  swells  and  hills,  30  to  40  feet  above  the  interven- 
ing hollows,  and  50  feet  above  Northwood,  which  is  situated  11 
miles  southeast,  ou  a  plain  of  valley  drift  about  20  feet  above  the 
Shell  Rock  river.  Next  this  belt  appears  to  be  broken  and  re- 
moved bv  an  offset  six  miles  to  the  west;  and  thence  its  course  is 
south  through  the  east  part  of  Bristol,  and  through  sections  2,  11, 
14,  23,  27  and  33.  Fertile,  its  southeast  border.  I)eing  about  J  mile 
Northwest  of  Rhode's  Mill,  in  section  34.  In  these  townships  the 
formation  is  in  knolls,  hillocks  and  short  ridges,  trending  to  the 
south  or  southwest,  and  30  to  r»0  feet  high.  At  the  soiith west  cor- 
ner of  this  countv  these  moraiuic  hills  become  more  a])undant  and 
abrupt,  and  form  a  very  rough  wooded  belt  two  or  three  miles 
wide,  for  a  distance  of  six  miles  west  from  Rhode's  Mills  to  Pilot 
Mound.  This  tract  includes  parts  of  four  counties,  and  is  bounded 
on  the  north  bv  Lime  creek. 

In  Cerro  (Jordo  county  the  eastern  inorainic  series  is  represented 
by  a  rolling,  partly  wooded  tract,  south  of  Lime  ereek  and  75  feet 
above  it,  extending  about  two  miles  southeast  from  Rhodes'  Mill, 
and  then  turning  south.  Its  next  eight  miles  to  Clear  lake  are  a 
moderately  rolling  belt  from  one  to  two  miles  wide,  and  50  feet 
higher  than  the  smooth  expanse,  which  reaches  thence  eastward  iv^ 
far  as  the  eye  can  see.  At  the  south  side  of  the  east  part  of  Clear 
lake,  this  moraine  occupies  a  width  of  about  one  niih*,  and  is  crossed 
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by  the  road  to  Belmond;  it  here  consists  of  many  mounds  and  hil- 
locks, not  rising  above  the  general  level  of  the  smooth  land  at  each 
side.  Its  farther  course  has  not  been  traced;  but  the  east  side  of 
the  southwest  township  of  this  county,  9  to  15  miles  south  of  Clear 
lake,  reported  to  have  a  rolling  and  knolly  surface,  probably  be- 
longs to  this  morainic  series,  and  suggests  that  it  will  be  found  ta 
extend  approximately  south  through  the  east  part  of  range  22  in 
southwestern  Cerro  Gordo  and  northwestern  Franklin  counties^ 
joining  the  western  belt  of  this  moraine  at  the  southeast  corner  of 
Morgan,  10  miles  north  of  Alden. 

About  a  third  part  of  Winnebago  county  is  covered  by  these 
hilly  drift  deposits.  Their  principal  belt,  which  is  the  continua- 
tion of  the  range  seen  at  Albert  Lea  and  east  of  Bear  lake  in 
Freeborn  county,  enters  Iowa  at  the  northeast  corner  of  Winneba- 
go county  and  extends  south  with  a  width  of  from  two  to  four  miles, 
through  the  townships  of  range  2S,  between  Lime  creek  and  the 
east  line  of  the  county,  to  Pilot  Mound.  The  southeast  border  of 
this  belt  is  quite  definite  at  a  point  two  miles  north  and  again  at 
one  mile  west  of  Lake  Mills.  Here  and  southward  it  consists  of 
massive  hills  of  till  40  to  75  feet  high.  A  branch  of  this  moraine^ 
consisting  of  rough  hills,  strown  with  many  boulders,  and  occupy- 
ing a  width  of  about  two  miles,  crosses  Lime  creek  a  few  miles 
south  of  the  State  line,  and  extends  northwest  into  Kiester,  the 
southeast  township  of  Faribault  county.  Northeast  from  this, 
tract  is  a  plain  of  modified  drift,  reaching  five  miles  to  Bear  lake. 

The  medial  moraine  which  extends  northwest  from  Forest  Citya 
and  Lake  Edward  attains  its  greatest  height  in  the  north  part  of 
T.  98,  R.  25,  where  it  is  100  feet  above  the  general  level.  In 
northeastern  Kossuth  county  this  tract  expands  to  a  width  of  ten 
miles  and  reaches  from  Ramsey,  at  the  east  side  of  Union  Sloughy 
north  and  northwest  to  the  State  line,  lying  on  both  sides  of  the 
head  stream  of  the  Blue  Earth  river.  Its  northeast  border  reaches 
li  miles  into  the  south  edge  of  Elmore  and  Pilot  Grove  in  south- 
western Faribault  county,  forming  hillocks  and  short  east-to-west 
ridges  of  till,  30  to  50  feet  high.  Thence  these  accumulations  of 
till  occur  scatteringly  in  southeastern  Martin  county  to  East  Chain 
and  less  prominently  to  Fairmont.  Their  contour  in  these  town- 
ships is  seldom  rough,  but  rises  in  swells  25  to  50  feet  above  in- 
tervening depressions,  with  trends  more  frequently  from  north- 
west to  southeast  than  in  other  directions. 

In  Hancock  county  the  western  and  principal  belt  of  the  ter- 
minal moraine  extends  from  Pilot  Mound  six  miles  southwest  and 
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then  nearly  due  south  through  range  24.  Pilot  Mound  in  the 
north  part  of  section  three,  EUingtou,  rises  about  250  feet  above 
Lime  creek,  which  is  two  miles  farther  south.  A  multitude  of 
rough  drift  hills,  mounds  and  short  ridges,  50  to  100  feet  lower 
than  this,  reaches  six  miles  eastward  and  two  or  three  miles  to  the 
west  and  northwest.  All  these  accumulations  are  till,  trending 
more  frequently  from  ea^t  to  west  than  otherwise,  of  all  heights 
from  25  to  100  feet  above  the  intervening  depressions,  which  are 
often  bowl-shaped  or  irregular  hollows,  containing  sloughs.  The 
top  of  Pilot  Mound  is  some  200  feet  above  the  average  of  the  coun- 
try to  the  north  and  south,  and  from  100  to  150  feet  above  the 
sloughs  in  its  vicinity.  The  hills  of  Kiester,  in  Minnesota,  22 
miles  distant,  are  visible  but  not  prominent,  bearing  N.  10=  W.* 
The  highest  hills  seen  in  Winnebago  county  are  those  in  the  north 
part  of  T.  98,  R.  25,  bearing  N.  ^15^  W.*  and  twelve  miles  distant. 
South  from  Pilot  Mound  the  morainic  contour  reaches  li  miles, 
and  is  succeeded  by  a  jjljiin  of  stratified  sand  and  gravel,  one-third 
mile  wide,  on  the  north  side  of  Lime  creek  and  15  to  25  feet  above 
it.  These  tracts  are  mainly  wooded,  but  south  of  this  creek  the 
surface  soon  rises  40  or  50  feet  to  a  broad  prairie  of  moderately  un- 
dulating till.  From  Forest  City  and  Silver  creek  the  terminal 
moraine  passes  south  in  a  rolling  and  knoUy  tract  which  is  from 
two  to  three  miles  wide,  through  the  center  of  Madison:  six  miles 
wide  in  the  north  part  cf  Garfield,  reaching  from  the  east  fork  of 
the  Iowa  river  to  Eagle  lake:  and  about  three  miles  wide  through 
the  west  half  of  German  and  of  T.  94,  R.  24.  bordering  and  cross- 
ing the  west  fork  of  the  L)wa  river,  and  including  the  Twin  lakes. 

The  hillocks  and  swells  of  this  tract  consist  T)rincipally  of  till. 
They  are  from  30  to  ^0  feet  high,  and  average  about  40  feet  above 
the  comparatively  level  areas  on  the  eitst  and  west.  Their  pre- 
vailing trend,  like  that  of  the  fretjuent  sloughs  of  this  region,  is 
approximately  from  north  to  south.  A  plain  of  modified  drift  is 
found  east  of  this  moraine,  reaching  five  miles  from  (\mcord  and 
Gamer  northeastward.  At  (larner  this  is  stratified  clavev  sand 
and  fine  gravel,  underlain  by  till,  whicli  forms  the  gently  nndiilat- 
ing  surface  at  Concord  and  thence  south  through  Ell  und  Avery. 
In  this  drift  sheet  the  east  fork  of  the  Iowa  river  hits  cut  a  chan- 
nel or  valley,  which  increases  in  size  till  at  the  south  line  of  the 
county  it  is  one-third  mile  wide  and  75  tVet  below  the  general  level 
to  which  the  ascent  is  by  steej)  bluff's. 

A  conspicuously  rolling,  hilly  and  knolly  tract  l)ranch<'S  from  the 

^Referred  to  thr*  true  merUliiin. 
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terminal  moraine  in  the  north  edge  of  Hancock  county,  and  ex- 
tends ten  miles  westward  to  Lake  George,  beyond  which  the  con- 
tour on  all  sides  is  smooth  and  only  slightly  undulating.  Many  of 
the  hillocks  and  ridges  of  this  tract  trend  nearly  from  east  to  west. 
Their  material  is  till,  often  containing  an  abundance  of  boulders. 
Their  height  along  the  north  side  of  Silver  creek,  in  sections  9, 10 
and  11,  Madison,  is  20  to  50  feet,  and  nearly  the  same  about  the 
lakelets  in  sections  four  and  five  of  this  township.  Lake  Edward, 
Crystal  Lake,  Lake  George,  and  the  series  of  sloughs  and  lakelets 
which  reaches  three  miles  southeast  from  the  last,  are  bordered  by 
very  rough,  morainic  bluffs,  which  rise  steeply  50  to  75  feet  at  the 
north  side  of  these  lakes.  Their  top  is  the  edge  of  a  plateau  of 
till,  which  extends  four  to  eight  miles  north  with  a  nearly  level 
but  slightly  undulating  surface.  Prominent  hill  ranges  of  equal 
height  occupy  a  width  of  two  miles  south  of  Lake  Crystal,  and  of 
one  mile  southwest  from  Buffalo  Grove  and  Lake  George.  Toward 
this  tract,  if  it  is  a  medial  moraine,  currents  of  the  ice  sheet  and 
descending  slopes  of  its  surface  converged  from  the  northwest 
and  southwest.  Rivers  produced  by  glacial  meltiug  would  accord- 
ingly flow  upon  the  surface  of  the  ice  to  this  lowest  portion  of  its 
border;  and  we  find  modified  drift  which  was  apparently  brought 
by  such  streams,  forming  plains  that  extend  several  miles  south- 
east from  Lake  Edward  and  cover  a  width  of  four  miles  half  way 
between  Clear  lake  and  Britt.  The  only  tames  observed  are  at  the 
southeast  sides  of  Crystal  lake  and  Lake  Edward,  and  consist  of  a 
few  mounds  and  ridges  ten  to  fifteen  feet  high,  composed  of  irregu- 
larly bedded  gravel  and  sand. 

In  Wright  and  Franklin  counties  the  terminal  moraine  extends 
soiith  four  miles  to  Gertrude  or  Twin  Sisters  lakes,  four  miles 
west  of  Belmond  ;  thence  south,  southeast  eighteen  miles,  by  the 
east  sides  of  Cornelia  (or  Little  Wall)  and  Elm  lakes,  into  Vernon, 
the  southeast  township  of  Wright  county  ;  and  next  east,  and 
southeast  nine  miles,  and  then  south  six  miles,  crossing  the  Iowa 
river  at  the  east  side  of  Wright  county,  and  lying  on  the  north 
and  east  boundaries  of  Oakland,  the  southwest  township  of  Frank- 
lin county.  Its  width  along  this  distance  is  from  one  and  one-half 
to  three  miles  ;  the  material  is  till,  often  enclosing  and  strown 
with  many  boulders  of  granites,  schists  and  limestone  ;  in  height 
its  knolls,  ridges  and  hills  vary  from  ten  to  one  hundred  feet  above 
the  intervening  hollows ;  and  their  trends,  wherever  any  system 
is  noticeable,  are  parallel  with  the  course  of  the  moraine.  The 
elevation  of  this  hilly  belt  above  the  smooth  expanses  of  till  on 
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«ach  side  is  mostly  from  forty  to  seventy-five  feet,  but  due  east 
from  Clarion,  it  does  not  rise  above  the  general  level.  This 
moraine  is  crossed  by  the  road  from  Belmond  to  Clarion,  and  is 
there  one  and  one-half  miles  wide,  and  consists  of  many  small  hills 
and  ridges  ten  to  forty  feet  above  its  enclosed  hollows  of  irregular 
form,  which  contain  frequent  lakelets  and  small  sloiighs.  Its 
height  above  the  Iowa  river  gradually  rises  from  fifty  feet  at  its 
east  side  to  one  hundred  and  twenty-five  or  one  hundred  and  fifty 
feet  at  the  w^est  :  and  it  is  succeeded  by  gently  undulating  till, 
which  maintains  about  the  same  height  as  the  upper  portion  of 
the  moraine  and  extends  indefinite!  v  westward.  One  to  two  miles 
farther  north,  in  the  vicinitv  of  Gertrude  lake,  these  morainic  hills 
rise  fifty  feet  higher  :  and  thence  a  medial  branch  of  this  forma- 
tion reaches  three  miles  westward  in  the  north  part  of  sections  1. 
2  and  3,  Lake  (T.  92,  R.  25),  culminating  in  the  ''Big  Mound," 
which  appears  to  be  the  highest  laud  in  Wright  county.  The 
most  broken  portion  of  the  moraine  in  this  coimtv  is  ten  miles 
southeast  of  Clarion,  in  sections  32  and  33,  Blaine,  and  4,  Vernon, 
consisting  of  many  mounds  and  short  ridges,  twenty-five  to 
seventy-five  feet  above  the  intervening  hollows,  fifty  feet  above 
the  smooth  land  westxynrd.  and  about  one  hundred  and  twenty-five 
feet  above  the  Iowa  river.  Soulheastward  this  moraine  reaches  in 
low  knolls  to  the  east  half  of  section  2*).  Vernon  ;  but  its  most 
conspicucjus  deposits  are  found  cm  the  ojiposite  side  of  the  Iowa 
river,  in  southwestern  Franklin  county,  extending  east  and  then 
south  at  the  north  and  eju^^t  sides  of  Oakland,  averaging  two  miles 
in  width,  about  half  of  which  is  in  Morgan  and  Lee  townships. 
next  on  the  north  and  east.  This  belt  is  verv  rough  with  manv 
hillocks  and  short  ridges,  generally  trending  in  the  same  direction 
with  the  series,  composed  of  till  with  abundant  boulders,  and 
divided  by  depressions  which  often  eon  tain  sloughs  or  lakelets.  Its 
height  is  fifty  to  seventy-five  feet  above  the  smooth  areas  of  till  on 
each  side,  and  about  one  hundred  feet  above  the  Iowa  river.  The 
south  part  of  this  formation  in  Franklin  county,  lying  a  few  miles 
north  of  Alden,  is  commonlv  called  the  "Blue  Mounds." 

Between  Alden  and    Storv  iViiv  the  course  of  the  moraine  coin- 

• 

cides  approximately  with  the  line  which  divides  Hardin  and 
Hamilton  counties,  Init  scarcely  enters  the  latter,  excepting  for  a 
distance  of  eight  miles  at  its  southeast  corner.  In  northern  Hardin 
county  the  line  of  this  formation  is  again  crossed  by  the  Iowa 
river,  southwest  of  which  it  reappears  in  a  knolly  belt  of  gravelly 
till,  fifty  feet  above  the  general  level  both  t(»  the  east  and  west. 
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This  lies  between  one-half  mile  and  two  miles  west  of  Aid  en,  and 
thence  extends  twelve  miles  south,  southwest  and  south  along  the 
west  border  of  Hardin  county,  reaching  one-fourth  or  one-half 
mile  west  of  the  county  line  and  one  to  two  miles  from  it  eastward. 
Here  and  in  southeastern  Hamilton  county  it  is  moderately  undu- 
lating till,  often  containing  many  boulders.  Its  crests  are  twenty 
to  thirty  feet  above  the  depressions,  and  twenty-five  to  fifty  feet 
above  the  adjoining  country.  Six  to  eight  miles  north  of  the 
south  line  of  these  counties,  the  width  of  this  rolling  tract  is 
increased  to  three  miles,  lying  mostly  in  Hardin  county.  Thence 
its  course  is  deflected  southwestward  and  its  width  narrows  to  one 
mile  in  the  south  part  of  Scott,  the  southeast  township  of  Ham- 
ilton county.  Its  last  mounds  and  knolls  seen  east  of  Story  City 
are  in  sections  28  and  33,  Scott,  rising  forty  to  sixty  feet  above  the 
flat  area  of  till,  which  reaches  thence  one  and  one-half  miles  west 
and  southwest  and  indefinitely  toward  the  south  and  southeast, 
being  about  thirty-five  feet  above  the  Skunk  river  and  twenty  to 
twenty-five  feet  above  its  bottomland.  Beyond  the  valley  eroded 
by  this  river,  the  same  plain  of  till  extends  two  miles  to  the  south- 
west and  indefinitely  to  the  northwest  from  Story  City.  At  its 
southwestern  limit  a  prominently  rolling  and  hilly  tract  of  till 
rises  fifty  to  seventy-five  feet  higher  and  extends  thence  twenty- 
five  miles  west  through  the  northern  tier  of  townships  in  Boone 
county. 

The  Des  Moines  river  intersects  this  range  eight  to  ten  miles 
north  of  Boone  and  Ogden.  East  of  the  river  it  is  widely  known 
as  Mineral  Ridge;  and  a  kame-like  hill  1^  miles  west  of  the  Des- 
Moines,  and  two  miles  south  of  the  main  series  of  this  moraine, 
but  doubtless  accumulated  at  nearly  the  same  time,  is  called  Pilot 
Mound.  The  width  of  this  belt  averages  about  three  miles.  It 
extends  westward  through  the  center  and  northwest  quarter  of 
Harrison,  the  northeast  township  of  Boone  county,  where  its 
height  is  125  to  150  feet  above  Squaw  creek:  but  this  elevation  is 
due,  at  least  in  some  portions,  to  underlying  bed-rock,  which  was 
encountered  at  a  depth  of  35  feet,  by  wells  upon  this  range  in  Sec. 
16,  Harrison.  Its  material  here  and  westward  is  till,  in  which 
boulders  often  abound,  being  of  all  sizes  to  5  and  rarely  10  feet  in  di- 
ameter. This  belt  occupies  the  north  part  of  Dodge,  the  township  to 
the  west,  in  which  its  height  contains  nearly  the  same,  being  about 
50  feet  above  the  smooth  areas  of  till  that  stretch  as  far  as  the 
view  reaches  to  the  north  and  south,  and  about  250  feet  above  the 
Des  Moines  river,  which  has  here  cut  a  valley  200  feet  ^'eep.     The 
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largest  hills  and  ridges  of  this  di.strict  are  in  Sec.  6,  Harrison,  and 
Sec.  1,  Dodge,  whei-e  they  trend  nearly  from  east  to  west,  and  rise 
75  or  100  feet  above  adjoining  depressions;  bnt  l>ecause  of  their 
comparatively  low  })()sition  they  do  not  overtop  other  portions 
which  have  a  less  broken  surface.  The  contour  t)f  the  moraine  at 
the  village  of  Ridgeport  or  Mineral  Ridge,  three  miles  e^ust  of  the 
Des  Moines  river,  and  for  the  next  six  miles  en^t,  as  also  along  the 
north  edge  of  the  county  for  six  miles  west  uf  the  Des  Moines 
river,  has  been  well  described  by  Dr.  C.  A.  White,  who  writes; 
"It  consists,  to  a  considerable  extent,  of  a  collection  of  slightly 
raised  ridges  and  knolls,  sometimes  interspersed  with  small  shallow 
ponds;  the  whole  having  an  elevation  probably  nowhere  exceeding 
fifty  feet  above  the  general  surface,  but  being  in  an  o)»en  prairie, 
it  attracts  attention  at  eonsiderable  «listance.*" 

Pilot  Mound  gives  its  name  to  the  township  in  which  it  is  situ- 
ated.    This  is  nearlv  a  round  hill  al)out  75  feet  al>ove  the  smooth 

« 

expanse  of  till  which  reaches  north  two  miles  to  the  moraine,  east 
one  mile  to  the  bluflfs  of  the  Des  Moines  vallev.  and  southward 
lieyond  the  horizcm.  Its  biuse  covers  a  diameter  of  J  mile,  imd  it 
rises  by  steep  slopes  to  a  rounded  top  which  has  its  highest  point 
in  the  southwest  comer  of  Sec.  21,  about  three  rods  east  of  its 
west  line.  This  mound  is  wholly  composed  of  gravel  and  sand, 
obliquely  stratified,  with  no  till  or  boulders.  Clear  sand,  in  beds 
3  or  4  feet  thick,  occurs  at  the  top  of  the  mcmnd;  but  it  is  mainly 
coarse  gravel  with  pebbles  up  to  six  inches  in  diameter.  Aboiit 
half  of  the  pebbles  binder  two  inches  are  limestone,  but  those  of 
larger  sizes  are  mostly  granites  and  schists.  Potsdam  (piartzite  is 
rare;  it  may  be  that  one  ])ebble  in  five  hundred  is  from  this  forma- 
tion. West  and  southwest  from  Pilot  Mound,  a  moderatelv  roll- 
ing  surface  50  to  75  feet  lower,  composed  principally  of  till,  extends 
tw^o  or  three  miles,  terminating  in  Sec.  30.  which  has  mounds  20 
to  30  feet  high. 

A  belt  of  knolly  till,  similar  to  Mineral  Ridge,  extends  west 
from  section  nine  Pilot  Mound,  into  the  northeast  corner  of  Grant, 
the  northwest  townshin  of  Uoone  countv.  l>evond  which  its  farther 
course  has  not  Ijeen  explored;  l)ut  it  is  sup})ose(l  to  turn  north- 
northwest,  lying  within  five  miles  west  of  the  Des  Moines  river. 
and  to  be  continuous  to  a  tvi»icallvmorainic  tract  which  was  found 
twenty  miles  farther  north,  between  2  and  IH  miles  west  of  Fort 
Dodge.  This  tract  has  many  rough  liillocks  of  till,  fifteen  to  thir- 
ty feet   high,    with  abundant  nietamorphic  and  some  limestone 

^QtnloQiiof  loiva,  1870.  vol.  i,  pp.  lis  and  itO. 
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boulders,  but  few  or  none  of  potsdam  quartzite.  It  may  be  that 
similar  accumulations  are  traceable  onward  in  the  same  course  30 
miles  to  the  branch  which  extends  from  the  terminal  moraine  at 
the  west  side  of  Palo  Alto  county  east  and  southeast  to  the  edge 
of  Pocahontas  county  at  the  south  line  of  T.  94,  R.  32.  In  that 
case  it  would  appear  that  the  series  of  drift-hills  explored  in  north- 
ern Boone  county,  and  their  tract  west  of  Fort  Dodge,  are  por- 
tions of  a  terminal  moraine  reaching  from  northwestern  Story 
county  to  western  Palo  Alto  county.  They  must  then  be  contem- 
poraneous with  the  inner  belt  of  this  looped  moraine,  which  ex- 
tends through  eastern  Waseca  county  and  by  Albert  Lea  on  the 
east  side  of  Spirit  lake,  Heron  lake  and  Lake  Shetek  to  Gary  on 
the  west. 

The  outer  belt  of  the  terminal  moraine  at  the  west  side  of  its 
loop  is  found  35  miles  southwest  from  Mineral  Ridge,  in  northern 
Outhrie  county,  where  its  course  is  from  southeast  to  northwest 
and  it  has  been  traced  continuously  thence  to  the  north  line  of 
Iowa  and  across  southwestern  Minnesota  into  Dakota.  From  the 
vicinity  of  Pilot  Mound  the  next  thirty  miles  to  the  south  and 
southwest  are  smooth  and  only  gently  undulating  till,  with  few 
boulders.  This  tract  intervening  between  Mineral  Ridge  and  the 
terminal  moraine  in  Guthrie  county  shows  that  these  cannot  be 
portions  of  one  continuous  belt;  and  if  they  were  formed  at 
the  same  time.  Mineral  Ridge  must  be  a  medial  moraine  like  those 
which  extend  from  Kiester  northwest  across  Faribault  county,  and 
from  Forest  City  to  Fairmont  and  Lake  George. 

The  exploration  of  these  belts  of  hilly  and  knolly  drift,  reaching 
from  the  south  line  of  Minnesota  to  the  center  of  Iowa,  leaves  no 
doubt  to  the  writer  that  they  are  opposite  portions  of  a  continuous 
terminal  moraine  which  has  its  course  in  a  curve  like  the  letter 
U.  Professor  Chamberlin  has  shown  that  this  moraine  crosses 
Wisconsin  in  a  series  of  loops  of  this  kind;  and  the  large  driftless 
area  in  southwestern  Wisconsin  and  portions  of  the  adjoining 
states,  surrounded  on  all  sides  by  glacial  deposits,  proves  that  at 
the  time  when  the  ice-sheet  reached  farthest,  its  southern  por- 
tion was  similarly  divided  into  vast  lobes,  which,  through  a  part  of 
this  epoch,  became  confluent  at  the  south  side  of  the  driftless  area. 
The  lines  of  moraine  here  described  in  Minnesota  and  Iowa  are 
about  midway  between  this  region,  which  has  escaped  glacial  action 
on  the  east,  and  the  limits  of  glacial  drift  on  the  west  which  ex- 
tends southward  and  south-southeastward  from  about  40  miles  west 
of  Bismarck  through  Dakota  and  across  Nebraska  into  northeastern 
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Kansas.  These  lines  of  hilly  drift  are  thus  more  parallel  with  the 
boondaries  of  glacial  action  at  its  time  of  greatest  extent,  and  are 
supposed  to  mark  the  similar  limit  attained  by  the  ice-sheet  of  the 
last  glacial  epoch.  A  very  si^iificant  feature  is  the  frequent 
occurence  of  lakes  upon  the  area  enclosed  by  this  loo])ed  moraine; 
while  in  the  regions  beyond  it  to  the  southeast  and  southwest, 
though  they  also  are  in  hirge  part  till,  lakes  and  rivers  are  rare  or 
entirely  absent.  The  connection  between  the  moraine  that  reaches 
from  the  south  line  of  Minnesota  in  Freeborn  countv  to  the  north- 
west  part  of  Story  county  and  ilineral  Ridge,  and  that  which  is 
next  to  be  described,  is  believed  to  extend  southwestward  through 
Story  and  Polk  counties,  probably  crossing  the  Des  Moines  river 
within  a  few  miles  soiitheast  of  Des  Moines;  then  westward  along 
the  south  side  of  Kaccoon  river,  through  the  noi-th  edg(?  of  Madi- 
son county;  and  northwestward  along  the  east  side  of  Middle 
Raccoon  river,  through  southwestern  Dalbus  county  and  northeast- 
ern Guthrie  countv. 

This  western  Vnw  of  the  terminal  moraine  wius  encountered  in 
the  south  part  of  T.  81,  K.  ol.  in  northern  Guthrie  county,  after 
traveling  thirty-five  miles  southwest  from  Mineral  Kidge  and  Pilot 
Mound.  lis  coui*se  thence  is  to  the  northwest  and  north  through 
Carroll,  Sac,  Buena  Vista,  (lay  and  Palo  Alto,  Emmet t,  Dickinson 
and  Osceobi  counties,  into  Minnesota,  reaching  in  Iowa  120  miles 
to  the  north  and  60  miles  to  the  west.  The  width  of  this  belt 
along  the  greater  part  of  this  distance  is  from  two  to  four  miles; 
but  in  Clay,  Palo  Alto  and  Dickinson  counties  it  is  from  eight  to 
twelve  miles.  Its  contour  is  nearly  jus  in  other  portions  of  this 
formation,  presenting  many  hillocks  and  short  ridges  which  vary 
in  height  from  20  to  50  feet  above  the  intervening  hollows,  and 
usually  rise  30  to  50  feet  and  rarely  75  or  100  feet  above  the  adjoin- 
ing countr}'.  Ecistward  a  smooth  and  nearly  level  expanse  of  till 
with  few  boulders  stretches  50  to  75  miles  to  the  eastern  line  of 
this  moraine.  Westward  the  land  next  to  this  belt  from  Storm 
lake  to  the  Minnesota  line,  is  nearly  the  same  its  on  the  east:  but 
south  of  Storm  lake  the  till  on  the  west  is  buried  beneath  the 
loess,  which  in  somes  portions  has  a  smooth  and  gently  undulat- 
ing surface,  but  generally  it  has  been  sculptured  by  rains,  rills, 
creeks  and  rivers,  to  a  prominently  rolling  contour,  rising  to  crests. 
ridges  and  plateaus,  100  to  150  feet  or  nion*  above  the  streams. 
Near  tbe  moraine  this  erosion  has  cut  through  the  loess,  and  from 
50  to  75  feet  into  the  underlying  till.  The  surface  of  the  h»ess 
throughout  this  distance  of  75  miles,  averages  fva  high  sis  the  to])s 
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of  the  morainic  hills  which  lie  next  to  it  on  the  east,  and  at  their 
lower  portions,  surpasses  them  by  25  or  50  feet,  while  its  elevation 
above  the  expanse  of  till  eastward  is  from  50  to  75  feet.  The 
material  of  the  moraine  is  chiefly  till,  with  boulders  everywhere 
frequent,  and  occasionally  very  abundant,  probably  averaging  ten  or 
twentv  times  more  numerous  than  on  the  smooth  areas  of  till. 
These  are  granites,  schists  and  limestone,  as  in  the  eastern  line  of 
this  formation,  with  the  addition  of  a  considerable  proportion 
from  the  red  Potsdam  quartzite  which  has  extensive  exposures  in 
southwestern  Minnesota  from  New  Ulm  to  Pipestone  City  and 
Luveme.  In  this  moraine  on  the  east  from  Albert  Lea  south  to 
Mineral  Ridge,  these  quartzyte  fragments  are  very  rare;  but  along 
its  entire  coast  on  the  west,  from  Guthrie  county  into  southwest- 
ern Minnesota,  they  are  common,  and  make  up  from  one-twentieth 
to  one-third  part  of  all  its  boulders.  The  only  exposures  of  bed- 
'  rock  seen  in  the  regions  traversed  by  this  moraine,  are  in  Guthrie 
county,  where  the  Nishnabotany  sandstone  of  Cretaceous  age  out- 
crops along  the  Middle  Raccoon  river,  at  Rock  Bluff  mills,  situated 
in  the  N.  E.  J  of  Sec.  27,  Highland  (T.  81,  R.  32),  and  at  other 
points.  The  hills  of  the  abjoining  moraine,  covered  at  the  surface 
by  knoUy  till  with  many  boulders,  are  found  by  wells  to  consist  in 
some  cases  for  their  lower  portion  of  this  sandstone,  showing 
that  the  contour  here  partly  conforms  with  the  unequally  eroded 
surface  of  rock  beneath  the  drift. 

In  northern  Guthrie  county  the  morainic  belt  covers  a  width  of 
about  two  miles  next  northeast  from  the  Middle  Raccoon  river, 
reaching  to  Swan  lake  in  the  southeast  quarter  T.  81,  R.  31.  Its 
elevations  mostly  trending  north-westward,  are  from  30  to  75  feet 
above  the  hollows.  Boulders  abound  and  include  many  of  Pots- 
dam quartzyte,  which  occurs  in  fragments  of  all  sizes  up  to  five 
feet  in  diameter.  They  are  most  plentiful  where  the  surface  is 
most  broken,  as  in  section  18,  of  Highland,  and  sections  13  and 
12,  of  Grange,  the  northwest  township  of  this  county.  The 
hills,  knolls,  and  ridges  of  these  sections  appear  to  be  composed 
wholly  of  till.  In  a  well  near  top  of  one  of  them,  this  was  yellow- 
ish to  a  depth  of  25  feet,  then  dark  bluish  and  harder  for  22  feet 
below,  to  water  which  arose  16  feet. 

In  Carroll  county  this  belt,  from  1^  to  three  or  four  miles  wide, 
continues  northwestward  by  Coon  Rapids,  Carrollton,  Carroll  and 
Maple  Junction  to  Breda.     From  the  southeast  corner  of  th^  coun- 
ty to  Gustine  Grove,  two  miles  beyond  Carrollton,  it  consists  cf^ 
swelling  hills  of  till,  not  so  rough  as  to  be  typically  morainic, which 
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occupy  a  width  of  li  to  three  mib^s  alonor  the  northeast  side  oi' 
Middle  Raccoon  river,  rising  from  100  to  150  feet  above  it,  and 
averaging  73  feet  or  more  above  the  smootli  sheet  of  till  on  thi* 
east.  Between  one  and  two  miles  northwest  from  Tiirrollton  some 
of  these  hills,  100  feet  above  the  river,  consist  of  h)ess  at  the  sur- 
face, free  from  pebbles  to  a  depth  of  ten  or  12  twelve  feet.  This 
has  the  same  yellowish  color  as  the  upper  part  of  the  till.  Other 
hills  near  have  many  rock  fragments,  both  large  and  small,  being 
common  till,  but  morainic  in  the  abundance  of  bonlders.  From 
Gustine  Grove  to  (^arroll  the  moraine  holds  its  straight  course 
north westwai'd,  lying  on  the  southwest  side  of  the  river,  which 
here  flows  east  and  then  south.  Its  height  is  from  100  to  125  feet 
above  the  river.  A  part  of  its  mounds  and  hillocks  througli  this 
distance  are  covered  by  loess,  but  mostly  their  surface  is  till  with 
numerous  boulders  and  pebbles.  A  lakelet  two  miles  south-east  of 
Carroll,  and  frequent  sloughs,  lie  in  the  depressions  of  this  forma- 
tion. Beyond  Carroll  the  Middle  Raccoon  river  is  again  its  south- 
west boundary,  from  which  it  reaches  to  Mount  (-armel.  It  here 
consists  of  moderately  rolling  till,  with  crests  30  to  50  feet  above 
its  hollows;  and  this  character  continues  to  the  north  line  of  the 
county  where  its  course  is  through  the  northeast  part  of  Wheat- 
land, its  northwest  township,  with  a' width  that  reaches  about  a  half 
mile  east  and  two  miles  west  of  Breda. 

Across  Sac  county  and  to  the  center  of  Buena  Vista  county,  a 
distance  of  thirty-six  miles,  the  course  of  the  moraine  is  a  few  de- 
grees west  of  north,  and  its  width  is  from  two  to  four  miles.  In 
Sac  county  this  extends  from  the  southeast  quarter  of  T.  86,  R. 
36,  to  thenorthwest  quarter  of  T.  89,  R.  36.  Wall  lake  lies  with- 
in the  limits  of  this  belt,  and  its  west  border  is  close  east  of  the 
railroad  town  of  Wall  lake.  Farther  to  the  north,  Indian  creek 
and  lake  are  at  the  west  side  of  this  belt,  which  through  Sac  coun- 
ty consists  of  moderately  rolling  and  often  kiiolly  till,  containing 
frequent  boulders  and  pebbles.  Its  cn?sts  are  20  to  30  feet  above  the 
adjoing  hollows,  sloughs  and  lakes.  Next  to  the  west  the  loess  rise>^ 
forty  to  fifty  feet  higher  than  the  moraine,  forming  nearly  level- 
topped  plateaus  and  ridges,  as  in  the  southwest  quarter  of  T.  SCt, 
R.  36,  and  at  the  west  side  of  the  Boyer  River  west  of  Wall  lake, 
or  smooth  swells  which  rise  in  long  slopes  thirty  to  fifty  feet  al>ov" 
the  intervening  depressions,  sometimes  having  considerable  grav*-! 
and  boulders  up  to  one  foot  in  diameter  at  their  top,  apparently 
4ue  to  exposure  of  the  underlying  till,  as  in  the  six  miles  north 
from  the  town  of  Wall  lake,  and  in  Ts.  88  and  89,  of  R.  37.     The 
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lowest  point  of  the  watershed  between  the  Mississippi  and  Missouri 
rivers  in  the  northern  two-thirds  of  Iowa,  appears  to  be  the  slough 
which  reaches  from  Wall  lake,  four  miles  southwest  to  Boyer 
river. 

In  Buena  Vista  county  this  belt  of  rolling  and  knolly  till,  from 
two  to  three  or  four  miles  wide,  continues  north-north-westerly  by 
the  east  end  of  Storm  lake  and  to  the  south  part  of  Scott,  7  miles 
north  of  this  lake;  thence  it  bends  to  the  north  and  northeast,  and 
passes  by  Grass  Lake  and  Green  Mound,  to  Pickerel  Lake  at  the 
northeast  corner  of  the  county.     From  the  northeast  part  of  this, 
belt  a  branch  extends  six  miles  south  through  the  range  of  sections 
from  2  to  35  in  Lincoln  (T.  92,  R.  36.)     Both  in  this  branch  and 
in  its  main  series,  the  hillocks,  mounds  and  short  ridges  of  this  for- 
mation usually  rise  only  from  10  to  30  feet  above  its  depressions. 
Rock  fragments  of  all  sizes  up  to  two  or  three  feet  in  diameter 
abound,  but  larger  boulders  are  infrequent.     The  west  border  of 
this  belt  is  a  half  mile  east  from  the  town  of  Storm  Lake.     Its 
knolly  surface  is  well  seen  at  two  miles  east,  two  to  three  miles 
north,  and  five  miles  north  of  this  town.     Green  Mound,  situated 
in  Sec.  19,  Poland,  five  miles  southwest  from  Pickerel  Lake,  is  one 
of  its  most  conspicuous  hills  in  this  county,  though  only  about  50 
feet  high.     Scarcely  anywhere  in  Iowa  does  this  moraine   attain 
such  height  that  it  deserves  to  be  designated  on  an  ordinary  map; 
l)ut  in  a  study  of  the  glacial  drift,  its  rough  surface  and  its  abund- 
ant rock  fragments  very  clearly  distiii^ruish  this  formation,  in  its 
two  nearly  parallel  north  to  south  belts,  from  the  smooth  sheet  of 
till,  holding  few  stones  and  boulders,  which  covers  the  intervening 
area.     In  crossing  this  expanse  80  miles  wide,  from  eastern  Buena 
Vista  county  enst  to  northwestern  Hardin  county,  drift  and  con- 
tour like  those  that  characterize  this  moraine,   were  seen  at  only 
one  place,  2  to  3^  miles  west  of  Fort  Dodge,  as  already  described. 

Northward  the  moraine  is  8  to  12  miles  wide,  occupying  the 
greater  part  of  the  east  range  of  townships  in  Clay  county  and  the 
west  range  in  Palo  Alto  county.  Its  material  is  till  with  many 
boulders.  Much  of  Swan  Lake,  the  northwest  township  of  Poca- 
hontas county,  and  of  Rush  Lake  and  Silver  Lake  in  southwestern 
Palo  Alto  county,  have  the  rolling  or  knolly  surface  of  this  forma- 
tion, with  crests  20  to  40  feet  high;  but  its  most  broken  contour 
and  most  prominent  hills,  50  to  75  or  100  feet  in  height,  are  found 
northwest  of  Pleasant  and  Mud  lakes  in  the  southeast  township  of 
Clay  county.  About  Elk  and  Elbow  lakes  and  Kuthven,  it& 
mounds,  ridges  and  hillocks  are  20  to  60  feet  above  the  depressions 
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and  lake&  Favtlier  to  the  north  the  moraine  is  divided  into  two 
}>elt8,  one  of  which  passes  by  the  east  side  of  Lost  Island  and  Palo  Al- 
to lakes  into  Emniett  count v,  while  the  other  lies  south  and  west  of 
Lost  Island  aiid  Trumbull  lakes  and  extends  north  into  Dickinson 
county.  Between  these  belts;  in  their  course  for  25  miles  to  Spirit 
Lake,  is  a  tnict  of  smooth,  moderately  unduhitin*^  till  from  four  to  six 
miles  wide.  The  eastern  series  of  drift  hills  here  and  in  their  continue 
ation  across  southwestern  Minnesota,  corresponds  to  the  series  at  th« 
east  side  of  this  morainic  loop,  as  nt  Albert  Lea.  These  are  an  in- 
ner terminal  moraine  which  was  evidently  accumulated  at  some 
time  later  than  the  outer  moraijie,  but  both  appear  to  have  been 
formed  by  the  ice-shtM?t  of  our  last  glacial  epoch.  It  has  been 
shown  on  a  preceding  page  that  Mineral  llidge  is  probably  a  por- 
tion of  the  inner  belt  of  tliis  formation,  and  that  it  may  be  tracea- 
ble  across  Webster  and  Pocahontas  coiintit^s  to  a  l)ranch  which  ♦  x- 
tends  southeastward  from  the  outer  nuu'aiue  in  Palo  Alto  countv. 
This  branch  first  takes  an  easterly  coui*se  from  the  vicinity  (»f 
Silver  Lake  through  the  south  part  of  (ireat  Oak  township  to  the 
Des  Moines  river.  7  miles  southeast  of  Ennnettsburg.  Thence  it 
turns  southerly,  occupying  n^'arly  the  entire  northwest  quarter  of 
Ellington  (T.  94,  K.  32),  and  continiies  in  a  narrow  line  of  knolls 
from  the  center  of  this  township  to  its  south  lint».  It  consists  of 
till  with  manv  small  and  large  boulders,  and  its  surface  rises  in 
knolls  and  short  ridges  20  to»^»Ofeet  aiK)ve  the  geiUM-al  level,  and  50 
to  75  feet  above  the  Des  Moines  river.  The  morainic  hills  in  the 
western  townships  of  Palo  Alto  county,  most  typical  in  Highland 
and  in  the  west  part  of  sec.  1.  at  the  northe«-ist  corner  of  Silver 
Lake,  are  125  to  150  feet  abine  this  river,  and  from  40  to  00  feet 
above  Rush,  Silver,  Elbow,  Lost  island  and  Palo  Alto  Lakes. 

The  inner  morainic  s(.»ries  lies  at  the  west  side  of  the  Des  Moines 
river  in  Emmett  county,  extending  north  through  Twelve*  Mile 
Lake.  Esterville,  and  Emmett,  to  west  range  of  townships.  It  is 
very  finely  exhibited  for  three  miles  to  the  south  and  east  from 
Twelve  Mile  Lake,  its  highest  portions  being  about  forty  feet  above 
this  lake  or  one  hundred  and  fifty  above  the  river.  Here  and 
onward  through  this  county  and  in  northeastern  Dickinson  county, 
it  consists  of  typically  rough,  knolly  till,  with  the  usual  abundance 
of  boulders,  one-third  to  two-thirds  of  which  are  the  red  Potsdam 
quartzyte.  The  width  of  this  belt  in  Emmett  county  is  from  two 
to  three  miles,  and  its  height  is  from  one  hundred  and  twenty-five 

to  one  hundred   and   seventy-five  feet   above   the   Des  Moines. 
21 
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Twelve  Mile  and  Cheever  lakes  lie  at  its  west  boundary,  beyond 
which  the  west  edge  of  Twelve  Mile  lake  and  Estherville  and  the 
next  four  or  five  miles  into  Dickinson  county  are  slightly  undu- 
lating till,  which  mostly  lies  twenty-five  to  fifty  feet  lower  than 
this  moraine,  but  rises  northward  to  a  height  of  twenty-five  feet 
above  it  at  a  half  mile  south  of  Swan  lake.  East  of  the  Des 
Moines  river  its  bluffs  in  Emmett  county  are  from  seventy-five  to 
ninety  feet  high,  and  from  their  top  a  gently  undulating  sheet  of 
till,  maintaining  nearly  the  same  elevation,  stretches  eastward  into 
Kossuth  county  and  beyond  the  East  Fork  of  the  Des  Moines. 
In  the  northern,  two-thirds  of  Superior,  the  northeast  township  of 
Dickinson  county,  this  series  of  rough  drift  hills  turns  westward 
and  extends  with  a  width  of  about  three  miles  by  Swan  lake  to 
Spirit  lake.  Their  height  is  twenty-five  to  fifty  feet  above  flie 
numerous  enclosed  sloughs  and  lakelets,  being  in  the  east  half  of 
the  township  from  one  hundred  and  fifty  to  one  hundred  and 
seventy-five  feet  above  the  Des  Moines  river  and  fifty  feet  above 
Swan  lake,  but  rising  in  its  west  part  fully  fifty  feet  higher  to  a 
watershed  about  seventy-five  feet  above  Spirit  lake. 

In  Dickinson  county  the  outer  belt  of  this  moraine  covers  about 
half  its  area,  including  the  west  edge  of  Lloyd  and  Richland  (Ts. 
«8  and  99,  of  R.  35),  the  northeast  part  of  Milf  ord  (T.  98,  R.  36),  and 
nearly  all  of  Center  Grove,  Lakeville  and  Excelsior,  and  of  Spirit 
lake.  Diamond  lake  and  Silver  lake  (Ts.  99  and  100,  of  Rs.  36,  37 
and  38).  Its  material  throughout  this  county  is  the  usual  till  with 
many  boulders,  of  which  from  one-sixth  to  one-third  are  Potsdam 
quartzyte.  Its  surface  is  diversified  by  frequent  hillocks  and 
knolls,  whose  crests  are  from  twenty  to  forty  feet  above  the  inter- 
vening hollows,  sloughs  and  lakelets.  This  county  has  the  most 
notable  group  of  lakes  in  Iowa,  distinguished  equally  for  their 
beautiful  scenery  and  for  their  abundance  of  fish  and  game.  They 
are  Spirit  lake,  four  miles  in  diameter  and  the  largest  in  the  State, 
lying  just  south  of  the  State  line  at  the  northeast  side  of  this 
morainic  belt,  and  the  West  and  East  Okoboji  lakes,  each  about 
six  miles  long,  lying  inside  its  limits,  with  more  than  a  dozen 
suiall  lakes  neir  them,  varying  from  one-fourth  to  one  mile  in 
diameter.  The  maximum  depth  of  Spirit  lake  is  reported  to  be 
about  50  feet ;  of  West  Okoboji,  in  its  north  half,  55  feet,  and  in 
its  south  half,  more  than  100  feet ;  and  of  East  Okoboji,  15  feet 
toward  the  north  and  25  feet  toward  the  south.  The  Okoboji  lakes 
have  the  same  level,  and  are  from  two  and  one-half  to  four  feet 
below   Spirit  lake,  according  to   their  varying  stages  of  water. 
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Their  height  alK)ve  the  Di\s  Moiiu's  river  at  the  State  line  is  esti- 
mated to  be  about  150  feet.  Nicollet's  barometric  observations 
made  Spirit  lake  1310  feet  above  the  sea  :  but  this  appears  to  be 
75  or  perhaps  100  feet  less  than  the  truth.  Eiust  of  Spirit  and 
East  Okoboji  lakes  these  tracts  of  liilly  and  knolly  drift  rise  75  to 
100  feet  above  them  ;  the  highest  elevations  between  the  Okoboji 
lakes  are  50  to  75  feet  ;  and  the  typically  rough,  morainic  hills 
west  of  West  Okoboji  and  S])irit  lakes  are  from  75  to  1'25  feet 
Jiigh.  The  northwest  part  of  this  county  has  frequent  swells, 
knolls,  and  short  ridges,  which  rise  10  to  40  feet  al)ove  the  de- 
pressions, but  none  of  them  much  exceeds  the  average  height  of 
the  whole  region,  which  gradually  rises  westward,  and  attains  in 
northeastern  Osceola  county,  12  to  25  miles  distant,  an  altitude 
from  75  to  150  feet  above  the  highest  hills  near  S[)irit  and  West 
Okoboji  lakes. 

In  Osceola  countv  the  south-west  boundary  of  th(»  morainic  belt 
runs  from  Sec.  25,  T.  99,  R.  39  west,  north-west  to  Ocheyedan 
mound,  and  thence  north-westward  coincides  Ji early  with  the 
course  of  Ochevcdan  cr(»ek.  Its  width  extends  from  this  limit 
north-east  into  the  edge  of  Minnesota  ;  but  it  encloses  a  tract  of 
nearly  level,  gently  undulating  till,  4  miles  wide  and  5  miles  long. 
Teaching  from  Itusli  lake  east  to  the  county  line.  The  contour 
and  material  of  the  moraine  continue  the  same  as  in  north-western 
Dickinson  county.  The  highest  portion  of  this  formation  in  Iowa, 
and  probably  at  the  same  time  the  most  elevated  ground  within 
the  limits  of  the  State,  is  either  the  top  of  Ocheyedan  mound,  or 
the  smaller  swells  and  hillocks  next  to  the  State  line,  9  miles 
further  north-west,  which  are  about  1,075  feet  above  sea,  the  rail- 
road station  of  Bigelow,  near  by  in  Minnesota,  being  1,631.  Och- 
eyedan mound  situated  in  the  S.  W.  ^of  Sec.  12,  T.  99,  K.  40,  is  a 
steep  ridge  of  uncijual  height  and  irregular  form,  al)out  5()0  feet 
long,  tending  S.  50'  E.,  comi)osed  of  very  pebbly  gravel,  or  per- 
haps till,  with  a  few  1)ouldcrs,  1  to  3 J  feet  in  diameter,  scatt(»red 
upon  its  ;sides  and  top.  It  rises  50  or  t>G  feet  above  the  average 
of  its  region,  and  about  125  feet  a'-ove  Ocheyedan  creek.  Though 
80  small  it  is  the  most  conspicuous  elevation  of  Osceola  county.  It 
is  estimated  to  be  1,650  feet  above  sea,  but  upon  exact  determina- 
tion it  may  be  found  to  exceed  this  and  be  the  highest  land  in 
Iowa,  a  distinction  which  has  been  erroneously  assigned,  with  an 
exaggerated  height,  to  the  hills  near  Spirit  lake.  Southern  and 
western  Osceola,  south-western  Dickinson,  much  of  O'Brien, 
western  Clay,  and  north-western  Buena  Vista  counties,  lying  next 
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bejond  this  moraine,  are  overspread  with  a  smooth,  slightly  undu- 
lating sheet  of  till,  at  least  from  100  to  200  feet  in  depth,  as 
shown  by  the  deep  valley  or  channel  of  the  Little  Sioux  river,  and 
by  wells  which  nowhere  penetrate  to  the  underlying  rock.  Farth- 
er south-west  this  deposit  is  concealed  beneath  the  loess,  which 
extends  from  the  Missouri  liver  60  miles  east  to  Storm  lake  and 
75  miles  north  to  Luverne. 

THE  COTEAU  DES  PRAIRIE. 

A  large  area  in  southwestern  Minnesota  and  eastern  Dakota  haa 
au  elevation  from  500  to  1000  feet  above  the  Minnesota  river,  and 
from  1300  to  2000  feet  above  the  sea.  Upon  this  highland  district 
are  the  sources  of  Lac  qui  Parle,  Yellow  Medicine,  Redwood  and 
Cottonwood  rivers,  tributary  to  the  Minnesota  river;  of  the  Des. 
Moines  river,  and  of  the  Little  Sioux  and  Bi^  Sioux  rivers,  tribu- 
tary to  the  Missouri.  The  outer  belt  of  the  terminal  moraine 
forms' the  highest  portion  of  this  area,  and  extends  in  Minnesota 
from  southciistern  Nobles  county  in  a  nearly  north-northwest 
course,  passing  west  of  Worthington,  through  southwestern  Mur- 
ray county,  the  northeastern  township  of  Pipestone  county,  and 
southwestern  Lincoln  county,  by  the  west  ends  of  lakes  Benton,. 
Shaokatan  and  Hendricks,  into  Dakota,  where  it  continues  in  the 
same  course  through  Deuel  and  Grant  counties  and  the  Sisseton 
and  Warpeton  Indian  reservations.  It  thus  reaches  past  the  sour- 
ces of  the  Big  Sioux  river,  and  farther  northward  becomes  the 
divide  between  the  head  streams  of  the  Minnesota  river  on  the 
east  and  the  James  river  on  the  west.  This  elevated  tract,  ex- 
tending 200  miles,  was  called  by  the  earliest  French  explorers  the 
Coteau  des  Prairies,  meaning  the  highlands  of  the  prairies.  This 
name,  according  to  Nicollet,  alludes  to  its  conspicuous  appearance^ 
"looming  as  it  were  a  distant  shore,"  whem  viewed  from  the  val- 
leys of  the  Minnesota  and  James  rivers,  as  is  very  noticeable  from 
the  vicinity  of  lakes  Traverse  and  Big  Stone,  and  from  the  highest 
points  near  the  Minnesota  river  for  perhaps  20  miles  below  Big 
Stone  lake.  Farther  southeast  this  title  was  generally  applied  to 
the  first  prominent  ascent  above  the  broad,  gently  undulating  ex- 
panse that  reaches  everywhere  20  or  30  miles  from  the  Minnesota 
river.  Before  coming  to  this  in  going  southwest,  there  is  gener- 
ally a  very  gradual  slope,  rising  100  or  perhaps  150  feet  in  the  last 
ten  miles;  then  comes  the  steeper  acsent  which  amounts  to  200  or 
300  feet  within  a  width  of  two  or  three  miles,  coinciding  througk 
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the  greater  part  of  its  extent  across  southwestern  Minnesota  with 
the  tract  of  knolly  and  hilly  drift  that  forms  the  inner  belt  of  the 
moraine.  The  general  height  lx?yon<l,  sometimes  after  a  slight 
descent,  continues  to  rise,  but  only  slowly,  amounting  to  100  or 
150  feet  in  crossing  the  smooth  gently  undulating  area  between 
this  and  the  outer  morainie  range,  which  divides  the  waters  of  the 
Minnesota,  Des  Moines  and  Little  Sioux  rivers  on  the  east  from 
those  of  the  Big  Sioux  river,  and  its  tributaries  on  the  west,  form- 
ing, as  already  mentioned,  the  highest  part  of  theOoteau  des  Prai- 
ries. 

The  inner  line  of  hills  of  the  terminal  moraine  extends  from 
Spirit  lake  north  and  northwest  through  Jackson,  Cottonwood, 
Morray,  Lyon,  Lincoln  and  Yellow  Medicine  counties,  to  (^ary, 
where  it  enters  Dakota,  11  miles  west,  northwest  from  Canby. 
From  the  west  side  of  Spirit  lake  its  course  is  north  through  Min- 
neota«  Hunter,  Heron  Lake  and  Delafield.  the  central  range  of 
townships  in  Jackson  county.  The  width  of  this  belt  is  from  three 
to  six  miles.  Its  surf, 'ice  is  prominently  nulling,  mostly  in  nuussive 
swells  20  to  40  feet  al)ove  the  deprej?sions,  but  at  many  places  in 
small,  steep  knolls  and  hillocks  of  similar  height.  Tlie  elevation 
of  the  range  above  the  general  level  is  from  80  to  50  feet.  Its 
material  is  till,  which  here  contains  more  gravel  and  boulders  than 
on  its  smooth,  slightly  undulating  areas  which  extend  at  each  sid»' 
beyong  the  limits  of  the  county.  The  Des  Moines  river,  enst  of 
this  moraine,  has  excavated  a  valley  100  feet  deep  in  this  sheet  oT 
till,  without  exposing  the  bed  rock;  and  G.  (■.  Chamberlin's  well 
at  JackiHm  in  this  vallev.  went  I'M)  feet  in  till  with  onlv  thin  be<is 
of  sand,  not  reaching  its  lia^e  at  this  depth,  which  is  100  feet  be- 
low the  river  and  200  feet  beh>w  the  top  of  its  blutt's.  The  rail- 
road well  at  Heron  Lake  found  the  drift  186  feet  deep,  underlain 
by  the  red  Pottsdam  sandstone  or  quartzyte.  In  Minneota  this 
morainie  belt  is  about  three  miles  wide,  reaching  from  Little  Spir- 
it Lake  and  Clear  lakes  west  to  the  Little  Sioux  river.  It  here  hits 
many  knolls  and  short  ridges  which  continue  into  Hunter,  and  are 
crossed  7  to  10  miles  west  of  Jackson  by  the  road  to  Worthington. 
Northwest  from  Jackson  it  is  represented  by  the  rolling  tract  about 
six  miles  wide,  between  the  Des  Moines  and  Heron  Lake,  west  and 
isouthwest  of  which  is  a  very  tlat  expanse  of  till,  10  to  20  feet 
above  the  lake,  stretching  with  slowly  incretusing  height  its  far  jis 
the  view  extends  westwanl. 

In  Cottonwood  county  this  moniine  continues  north  to  the  great 
bend  of  the  Des  Moines  river,  six  miles  northwest  of  Windom. 
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Thence  its  course  is  northwest  through  the  north  part  of  Spring- 
field, northeastern  Southbrook,  southwestern  Amo  and  Rose  HilL 
Its  most  conspicous  portion  and  most  roughly  broken  contour  are 
in  the  Blue  Mounds,  which  lie  three  miles  west  of  Windom.  This 
group  or  range  of  hills,  composed  of  till  with  frequent  boulders, 
extends  three  miles  in  a  northwest  course,  parallel  with  the  Des 
Moines  river  on  the  northeast,  and  Spring  Lakes  on  the  southwest. 
Their  height  is  100  to  150  feet  above  the  river  and  50  to  75  feet 
above  the  general  level  at  their  west  side.  Beyond  the  Blue 
Mounds  this  inner  morainic  belt  is  crossed  by  the  Des  Moines,, 
which  here  flows  eight  miles  northeast,  at  right  angles  with  the 
rest  of  its  course.  Thence  to  Lake  Shetek  this  belt  is  a  prom- 
inent rolling  tract  several  miles  wide,  rising  about  100  feet  above 
the  river,  and  interspersed  with  lakes.  The  Des  Moines  river  lies^ 
within  a  few  miles  at  the  southwest,  being  nearly  parallel  with  the 
moraine;  as  it  is  also,  but  on  the  opposite  side  below  this  bend. 
East  of  Windom,  a  part  of  this  formation,  consisting  of  irregular 
hillocks  of  till  with  enclosed  hollows  and  lakes,  occupies  a  width 
of  two  or  three  miles,  and  forms  the  ascent  of  75  or  100  feet  above 
the  Des  Moines  river,  to  a  higher,  smooth  and  nearly  flat  expanse 
of  till,  which  thence  extends  75  miles  eastward,  descending  with 
an  imperceptible  slope  to  the  Blue  Earth  river,  and  beyond  this^ 
rising  in  the  same  manner  to  the  eastern  series  of  this  curved  mo- 
raine at  the  sources  of  the  Le  Seuer  and  Cannon  rivers,  where  Nic- 
ollet called  it  ^*the  N.  E.  prong  of  the  Coteau  des  Prairies."  The 
hilly  tract  mentioned  east  of  Windom  appears  to  be  part  of  a  me- 
dial moraine  branching  from  the  terminal  series  on  the  west  and 
extending  north  through  the  two  western  ranges  of  sections  in 
Lakeside  and  Carson.  Its  most  broken  portion  is  found  in  Sees. 
17,  8  and  5,  Carson,  which  have  many  small  hills  and  ridges  40  to 
75  feet  high,  mostly  trending  from  north  to  south,  composed  of 
till  with  abundant  boulders.  Ten  miles  farther  north  an  isolated 
morainic  area  is  found  in  Stately,  the  southwest  township  of  Brown, 
county,  reaching  from  the  elbow  of  Mound  creek  six  miles  west 
into  the  edge  of  Germantown  in  Cottonwood  county,  with  a  width 
of  three  to  four  miles,  bounded  on  the  north  bv  the  Cottonwood 
river.  It  is  crossed  by  the  lower  paf t  of  Mound  creek,  so  named 
because  of  its  mounds,  ridges  and  hills  of  till,  which  are  25  to  li- 
feet  high,  abrupt  and  strown  with  boulders  and  pebbles.  Between 
these  areas  of  small  drift  hills  in  Carson  and  Stately  is  a  massive 
ridge  of  red  Pottsdam  quartzyte,  which  extends  25  miles  from  west 
to  east  through  Storden,  Amboy,  Delton  and  Selma,  in  northern 
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Cottonwood  county,  termiiiuting  in  the  west  ed^e  of  Adrian,  the 
northwest  township  of  Watonwan  county.  This  liighland  is  most- 
ly covered  by  a  smooth  surface  of  till,  but  has  frequent  exposures 
of  the  rock.  Its  altitude  increases  from  100  feet  at  its  east  end  to 
250  feet  westward  above  the  broad,  slightly  undulating  sheet  of 
till  which  covers  the  region  at  its  north  side,  excepting  the  morain- 
ic  tract  in  Stately,  and  reaches  25  miles  north  to  the  Minnesota 
river.  The  height  reached  at  the  top  of  this  quartzyte  ridge,  from 
1300  to  1400  feet  above  the  sea,  is  a  peramnent  rise  of  the  land 
which  southwestward  holds  nearly  this  average  elevation  to  the 
Des  Moines  river. 

In  northeastern  Murray  county  the  inn(»r  morainic  l>elt,  twu  tu 
four  miles  ^ide.  extends  from  Lake  Eliza  northwest  by  Duck  and 
Buifalo  lakes  and  the  northeast  side  of  Lake  Shetek,  occupying 
the  northeast  part  of  Des  Moines  river  township,  southwestern 
Dovray,  northeastern  Murray,  the  southwest  half  of  Shetek,  and 
the  northeiLst  part  of  Lake  Sarah.  It  is  distinguished  from  tiie 
slightly  undulating  areas  of  till  at  each  side  l)y  its  more  frequent 
boulders  and  its  more  rolling  and  occasionally  hilly  contour;  but 
it  scarcely  anywhere  exhibits  the  rough  surface  which  character- 
ized the  greater  part  of  this  series  of  drift  accumulations.  The 
crests  of  its  swells  are  thirty  to  forty  feet  above  the  intervening 
depressions,  sloughs,  and  lakes;  nearly  the  same  above  the  general 
level  on  each  side:  and  from  75  to  100  feet  above  the  Des  Moines 
river  and  40  to  50  above  Lake  Shetek.  The  only  part  of  the 
series  in  this  county  which  rises  in  mounds  that  are  conspicuously 
seen  at  a  distance  of  several  miles  is  in  the  northeast  corner  of 
Murray  township,  upon  an  area  from  on(?-half  to  one  mile  wide, 
extending  two  miles  north west«'rly  from  Buffalo  lake;  liut  its  hills 
here  are  only  30  to  50  feet  above  the  avera;^e  height  of  the  ranijfe. 
Along  the  northeiist  side  of  the  northwest  area  of  Lake  Shetek, 
commonly  called  the  ''Inlet,"  are  frequent  small  patches  where 
boulders  nearly  cover  the  groun«l,  mostly  forming  knolls  from  3 
to  5  or  10  feet  high,  and  occurring  from  the  lake  shore  to  25  feet 
above  it. 

The  inner  terminal  moraine  »'ast  of  Lake  Shetek  and  in  Lyon, 
Lincoln  and  Yellow  Medicine  counties  forms  the  northeast  border 
of  the  Coteau  des  Prairies,  which  has  a  width  of  about  twenty 
miles,  its  southwest  border  l)eing  the  outer  and  more  prominent 
terminal  range  of  drift  hills  whicii  extends  by  the  west  ends  of 
Lakes  Benton.  Shaokatan  and  Hendricks.  From  the  Blue  Mounds 
injsouthem  Cottonwood  county  to  Gary  in  the  edge  of  Dakota,  the 
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course  of  the  inner  series  of  this  formation  is  northwest  and  near- 
ly  straight.  In  Lyon  county  its  northeast  boundary  passes  through 
the  center  of  Custer,  Lyon  and  Island  lake  townships,  and  follows 
approximately  the  line  between  this  and  Lincoln  county,  for  the 
next  six  miles  at  the  west  side  of  Nordland.  It  crosses  northeast- 
ern Lincoln  county  from  the  southeast  comer  of  Altavista  to  sec- 
tion 3,  Marble,  six  miles  south  of  Canby;  and  in  Yellow  Medicine 
county  its  course  is  from  section  33,  Norman,  to  section  7,  Florida. 
The  most  rough  and  hilly  part  of  this  morainic  belt  is  from^  to  1^ 
miles  wide  at  its  northeast  side,  where  it  usually  has  many  irregu- 
lar knolls,  short  ridges,  and  hills,  which  rise  from  25  to  50  feet, 
and  occasionally  75  to  100  feet  above  the  intervening  depressions. 
Their  conspicuous  appearance,  as  seen  from  the  northeast,  is  due 
to  the  ascent  westward  of  the  country  upon  which  they  lie.  The 
Coteau  des  Prairies,  in  these  inner  and  outer  series  of  drift  hills 
and  upon  its  intervening  tract  of  smooth  or  moderately  rolling 
land,  has  no  exposures  of  the  bed  rock,  but  the  elevation  of  this 
highland  is  doubtless  caused  by  the  altitude  of  the  underlying 
rock  surface,  upon  which  the  drift  has  been  deposited  as  a  sheet 
which  is  commonly  from  100  to  200  feet  thick  throughout  the 
western  two-thirds  of  Minnesota.  From  the  specially  hilly  north- 
east margin  of  this  morainic  belt  its  width  reaches  five  to  fifteen 
miles  south  westward  with  a  rolling  and  in  some  places  knolly  or 
hilly  surface,  including  the  greater  part  of  the  distance  to  the 
parallel  outer  range  of  drift  hills,  but  leaving  next  to  that  a  smooth 
slighly  undulating  tract,  three  to  five  miles  wide.  In  Marshtield 
and  Lake  Stay  (Ts.  110  and  111,  of  R.  44)  this  smooth  contour  ex- 
tends eight  miles  north  from  the  Cottonwood  lake  (dry  during  the 
last  two  or  three  years,)  and  the  east  end  of  Lake  Benton,  its  limit 
being  here  twelve  miles  from  the  outer  moraine.  All  these  areas 
are  till,  with  many  boulders  upon  the  portions  which  are  most 
broken  by  knolls,  hills  and  hollows. 

The  Antelope  Hills  and  Valley,  A  third  well  marked  series  of 
low  broken  hills  and  ridges  of  till,  with  abundant  large  and  small 
rock-fragments,  is  found  in  Yellow  Medicine  and  Lac  qui  Parle 
counties,  lying  8  to  12  miles  northeast  from  the  inner  morainic 
belt  of  the  Coteau,  and  extending  north,  northwest  40  miles  within 
the  limits  of  Minnesota.  The  width  of  this  morainic  series  is 
usually  from  one-fourth  to  one-half  mile,  being  less  than  that  of 
the  specially  knolly  belts  upon  the  Coteau  des  Prairies.  It  appears 
like  them  to  be  a  terminal  moraine  ;  and  its  location  shows  that  it 
was  accumulated  after  a  second   retreat  ©f  the  ice-border.     Tie 
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slight  readvance  by  which  these  hillocks  wjls  heaped  at  its  termi- 
nation seems  not  to  have  occurred  generally  to  other  portions  of 
the  ice-sheet ;  at  least  a  corresponding  third  distinct  moraine  ha** 
not  been  noticed  by  me  elsewhere.  This  formation  begins  in  sec- 
tions 32,  29  and  1\K  of  Burton  (T.  114,  R.  43),  in  Yellow  Medicine 
county  ;  continues  through  sections  18,  11  and  3,  of  Vergeland 
(T.  114,  R.  44),  ^4th  similar  outlaying  hillocks  and  ridges  in  sec- 
tions 9,  15,  16,  21,  22  and  23,  of  this  towuship  :  and  for  the  next 
six  miles  northward,  lies  in  the  southwest  edge  of  Oshkosh  and 
the  northeast  edge  of  Hammer.  In  Lac  (jui  Parle  county  this 
moraine  forms  the  two  conspicuous  clusters  of  the  Antelope  hills, 
in  sections  27  and  16,  Freeland  (T.  116,  R.  45),  elevated  40  to  100 
feet  above  the  smoothly  undulating  till  of  their  region.  Its  con- 
tinuation runs  from  section  32,  T.  117,  R.  45,  in  a  nearly  striiight 
course  to  section  33,  T.  119.  R.  46.  One  of  its  hills,  about  60  feet 
high,  at  the  north  sid»»  of  the  west  branch  of  Lac  qui  I'arle  river, 
in  section  18,  T.  117,  R.  45.  luts  been  named  Mt.  Wickham. 
Thence  for  five  miles  northerlv  this  knoll v  belt,  10  to  40  feet 
above  the  general  level  on  each  side,  is  known  as  the  Stony  Ridge. 
In  T.  119,  R.  46,  the  range  stM»ms  to  be  offset  three  .miles  to  th<» 
northeast,  from  section  33  to  section  14,  aiul  thence  it  extends 
west,  northwest  to  th^i  State  line.  In  the  east  edge  of  Dakota^ 
these  accumulations  rise  prominently  in  the  fracticmal  T.  120,  R. 
47,  and  are  called  Yellow  Bank  hills,  from  the  river  of  this  name 
which  here  flows  through  them.  Mt.  Tom,  their  highest  point, 
in  or  near  the  N.  E.  J  of  section  32  of  this  township,  has  an  ele- 
vation of  about  100  feet.  A  belt  of  rolling  land,  a])out  three 
miles  wide,  higher  than  the  more  gently  undulating  areas  on  each 
side,  continues  from  these  hills  northwesterlv  across  Grant  countv 
and  into  the  Sisseton  and  Warpettm  reservation,  lying  within  six 
miles  northwest  of  Big  Stone  lake,  and  having  its  east  side  at 
about  the  same  distance  west  of  Brown's  Valley. 

Between  this  morainic  belt  and  the  foot  of  the  Coteau  on  the 
west  is  the  Antelope  Valley,  so  named  by  the  Sioux.  This  is  a 
broad  shallow  depression,  with  a  slightly  undulating  surface  of 
till,  being  from  three  to  Uni  miles  wide,  and  reputed  to  extend  125 
miles,  from  the  northwest  townshij^  of  Lyon  county  in  Minnesota 
to  the  south  bend  of  the  Shevenne  river  in  Dakota.  The  moraine 
of  the  Antelope  hills  and  the  smooth  area  of  till  on  its  east  side 
average  25  to  50  feet  higher,  but  have  some  lower  portions,  allow- 
ing streams  to  cross  the  Antelo}>e  Valley  transversely  ;  and  next 
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to  the  west  the  Coteau  rises  about  700  feet  within  ten  or  fifteen 
miles. 

The  outer  or  western  moraine  belt  of  the  Coteau  des  Prairies 
extends  into  the  south  edge  of  Minnesota  along  its  course  of  20 
miles,  next  west  from  Spirit  lake,  where  the  greater  part  of  its 
width  lies  in  Iowa.  From  the  Little  Sioux  river  at  the  west  side 
of  Minnesota  in  Jackson  county,  to  Indian  lake  in  southeastern 
Nobles  county,  the  width  of  this  formation  in  our  state  is  from  1^ 
to  5  miles,  reaching  north  to  Skunk  lake,  to  ^  mile  beyond  Rush 
lake,  to  Plum  Island  and  Round  lakes,  and  to  the  north  end  of 
Indian  lake.  Its  greatest  extent  north  in  this  distance  is  at  the 
north  side  of  Round  lake;  but  south  of  this  a  tract  about  two 
miles  wide  and  three  miles  long  to  the  east  from  State  Line  lake, 
is  smooth  and  only  slightly  undulating,  though  enclosed  by  rolling 
or  knolly  morainic  areas. 

In  its  northwestern  course  across  Nobles  county  this  belt  has  a 
\vidth  of  about  five  miles  to  the  center  of  the  county  and  Summit 
lake,  including  the  southwest  part  of  Indian  lake,  nearly  all  of 
Bigelow,  the  northeast  edge  of  Ransom,  southwestern  Worthington, 
the  northeast  half  of  Dewald,  and  the  south  half  of  Summit  lake^ 
with  a  spur  extending  north  through  sections  14,  11,  and  2,  of  the 
last  named  township.  Onward  in  T.  103,  R.  42,  and  in  the  west 
half  of  Willmont,  its  width  diminishes  from  three  or  four  miles  to 
about  one  mile.  Its  contour  through  Nobles  county  is  prominent- 
ly rolling  in  swells  that  trend  approximately  from  southeast  to 
northwest,  and  rise  50  to  75  feet  above  the  smooth,  slightly  undu- 
lating area  next  northeast,  which  extends  thence  with  an  imper- 
ceptible descending  slope  northeastward  20  miles  to  the  inner 
moraine  beyond  Heron  lake  and  the  upper  part  of  Des  Moines 
river.  Westward  the  surface  is  in  swells  which  trend  mostly  from 
north  to  south,  more  massive  and  smoother  than  those  which  form 
the  outer  terminal  moraine,  and  of  about  the  same  elevation;  or  in 
nearly  level,  equally  high  plateaus;  as  at  Rushmore,  10  miles  west 
of  Worthington,  and  in  the  southwest  part  of  Little  Rock.  The 
material  of  Nobles  county  is  nearly  everywhere  till  or  boulder- 
clay;  excepting  the  plain  with  a  subsoil  of  gravel  and  sand,  which 
occupies  the  southern  two  thirds  of  Grand  Prairie,  its  southwest 
township,  surrounded  by  swells  of  till  40  to  75  feet  higher. 

In  western  Murray  county  and  northeastern  Pipestone  county 
the  outer  moraine  rises  in  a  conspicious  series  of  drift-hills,  which 
continues  thence  150  miles  north-northwest  as  a  belt  of  very 
knolly  and  hilly  drift  from  one  to  five  miles  wide,  to  the  head  of 
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the  Coteau  des  Prairies,  west  of  Lake  Traverse.  Throughout  this 
distance  its  material  is  till  with  abundant  hou Wei's  and  pebbles, 
l)rincipally  of  granite,  syenite,  gneiss  and  schists,  but  also  includ- 
ing many  of  limestone.  Its  surface  is  broken  by  a  multitude  of 
mounds,  short  ridges  and  hillocks,  from  10  to  50  feet  above  the  hol- 
lows which  occasionally  contain  sloughs  and  lakelets.  From  Mur- 
ray county  to  the  center  of  Deuel  county  in  Dakota,  west  of  Gary, 
this  morainic  belt  form  a  range  50  to  100  feet  above  the  smooth  till 
at  its  west  side  which  is  either  in  massive  swells,  as  generally  in  Pipe- 
stone county,  or  farther  north,  in  slightly  undulating  and  often 
nearly  flat  slopes  which  descend  westward  to  the  Big  Sioux  river. 
At  the  ei»st  side  of  this  range  gently  undulating  till  from  100  to 
!^00  feet  covers  an  area  15  to  :iO  miles  wide,  in  central  Murrav 
county,  and  a  narrower  belt  through  Lyon  county,  reaching  to  the 
borders  of  the  inner  moraine.  In  northern  Deuel  county  and 
northward  through  Grant  county  to  the  source  of  the  I^ig  Sioux 
river,  the  two  morainic  series  lie  nearer  together,  and  the  throe  or 
four  miles  intervening  between  their  roughest  belts  have  a  rolling 
iind  in  some  places  knolly  surface,  which  rises  75  or  100  feet  per 
mile  westward  to  the  west  side  of  the  outer  moraine.  Through 
this  distance  and  north  to  the  head  of  the  Coteau  des  Pndries  this 
ascent  reaches  an  elevation  about  1000  feet  above  the  Minnesota 
river  and  Big  Stone  and  Traverse  lakes.  Though  no  exposures  of 
the  bed-rock  have  been  found  upon  this  highland,  it  is  lx?lieved  to 
rise  here  much  higher  than  in  the  valley  sof  the  Minnesota,  liig 
Sioux  and  James  rivers  at  each  side.  The  altitude  of  the  Coteau 
is  probably  thus  caused  by  the  greater  height  of  the  rock  upon 
which  these  drift  deposits  lie.  rather  than  by  their  extraordinary 
thickness  beyond  that  which  tlu?y  commonly  have  throughout 
southwestern  Mijinesota.  The  depth  that  is  added  to  the  general 
drift-sheet  by  the  aecuni illations  of  the  terminal  moraine  does  not 
appear  to  average  more  than  50  to  75  feet:  and  its  highest  hills 
found  in  the  exploration  of  this  formation  through  Minnesota. 
Iowa  and  southeastern  Dakota,  verv  seldom  exceed  a  height  of  100 
or  150  feet  above  the  gen»»ral  level  of  the  country.  The  only  tract 
of  considerable  extent  where  they  attain  a  greater  elevation  is  the 
Leaf  hills  in  southern  Otter  Tail  county,  which,  for  a  distance  of 
26  miles,  are  from  100  to  I35()  feet  high.  V\)i.m  the  most  pronji- 
nent  portion  of  the  Coteau  des  Prairies  extending  from  Deuel 
county  northward,  the  knolls  and  hillocks  of  this  moraine  rise  20 
to  50  and  rarely  75  feet  above  the  adjoining  hollows;  and  the 
thickness  which  it  adds  to  to  drift-sheet  appears  to  be  from  50  to 
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100  feet.  That  the  prominence  of  this  highland  is  not  due  to 
these  morainic  accumulations  is  shown  by  the  greater  elevation 
that  is  reached  within  from  two  to  five  miles  distance  by  the 
smooth  sheet  of  till  at  its  west  side,  which  forms  the  watershed, 
and  beyond  decends  to  the  Big  Sioux  river. 

The  outer  moraine  in  Murray  county  includes  the  west  edge  of 
T.  105,  R.  42,  being  here  from  one-fourth  of  a  mile  to  one  mile 
wide,  the  south  two-thirds  of  Leeds,  the  northeast  two-thirds  of 
Chanarambie,  its  most  conspicuous  portion  in  this  county  being 
Buffalo  ridge,  100  to  150  feet  high,  trending  from  southeast  to 
northwest,  in  sections  21  and  16  of  this  township;  the  west  half  of 
Cameron,  and  the  southwest  corner  of  Ellsworth.  Its  area  in 
Leeds,  extending  six  miles  east  from  the  main  course  of  the  series, 
and  surrounded  on  the  south,  east  and  north  by  a  lower  expanse  of 
smooth,  slightly  undulating  till,  may  be  a  medial  branch.  Eight 
miles  northeast  from  this,  in  sections  8  and  5,  Mason,  is  a  remark 
able  plateau  of  till,  with  its  top  nearly  level,  and  covering  1^ 
square  miles,  from  which  there  is  a  descent  of  about  200  feet  in 
three  miles  east  to  Lake  Shetek,  and  about  100  feet  in  the  same 
distance  west  to  Bear  lakes. 

In  northeastern  Pipestone  county  the  morainic  belt  is  about 
three  miles  wide,  and  extends  through  the  northeast  part  of  Rock, 
the  center  of  JEtns,  and  the  northeast  edge  or  Fountain  Prairie, 
In  iEtna,  the  northeast  township  of  this  county,  it  is  quite  pic- 
turesquely, broken  in  knolls  and  spurs,  which  rise  gradually  to  a 
height  of  100  to  150  feet  above  the  land  on  each  side. 

In  Lincoln  county  this  moraine  is  about  two  miles  wide,  and  ex- 
tends north-northwest  by  the  west  ends  of  lakes  Benton  and  Sha- 
oakatan,  passing  through  the  middle  of  Lake  Benton  township,  the 
southwest  corner  of  Diamond  lake,  the  center  of  Drammen  and 
southwestern  Shaokatan.  Its  height  from  its  east  edge  is  100  to 
200  feet,  and  from  its  west  edge  40  to  75  feet.  This  morainic  belt 
and  the  thick  sheet  of  till  which  is  massed  against  its  west  side  and 
<lescends  thence  westward,  are  penetrated  in  the  west  part  of  Lake 
Benton  township,  by  a  deep  channel  or  valley,  which  is  called, 
translating  its  Sioux  name,  "  The  Hole  in  the  Mountain.''  The 
railroad  between  Lake  Benton  and  Verdi  goes  south-southwest  four 
miles  through  this  gap,  bounded  on  each  side  by  picturesque  biufis 
which  are  buttressed  by  steep  spurs  and  cut  by  deep  tributary  ra- 
vines. Its  depth,  wholly  in  the  glacial  drift,  is  from  150  to  200 
feet  below  the  knolly  surface  of  the  moraine,  and  its  highest  point 
is  about  15  feet  above  Lake  Benton,  which  has  its  outlet  eastward 
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into  the  Redwood  river.  This  valley,  from  J  to  J  mile  wide,  was 
evidently  excavated  by  a  river  that  flowed  from  northeast  to  south- 
west across  this  great  ridge,  which  is  the  highest  land  in  south- 
westerm  Minnesota,  being  1000  feet  above  the  Minnesota  river 
at  the  northeast,  350  feet  above  the  Big  Sioux  at  the  west,  and 
about  1960  feet  above  the  sea.  For  three-fourths  of  a  mile  south- 
west from  Lake  Benton,  this  channel  is  double,  being  divided  by  a 
remnant  of  the  morainit*  range,  which  rises  nearly  as  high  as  the 
enclosing  bluff's.  The  east  pass  is  called  the  *'  Dutchman's  Gap," 
and  through  it  the  carriage  road  goes  south  and  then  southwest  to 
the  *' Hole  in  the  Mountiiiu." 

At  three  other  places,  11,  14  and  18  miles  northwest  from  Lake 
Benton  (see  map  of  this  region  on  plate  VI),  similar  channels  have 
been  noted  through  the  mtissive  ridge  of  this  moraine  and  through 
the  smooth  sheet  of  drift  that  slopes  downward  from  its  west  sitle. 
The  first  of  these  channels  begins  at  the  southwest  end  of  Lake 
Shaokatan,  and  tirst  extends  about  two  miles  southwest,  in  the 
same  course  with  this  lake,  through  the  knolly  belt  of  the  mor- 
aine, bevond  which  its  course  for  the  next  thre(*  miles  is  northwest 
along  its  west  side,  crossing  the  State  line,  from  section  31,  Shaoka- 
ton,  to  the  east  i)art  of  section  21,  T.  Ill,  R.  47.  There  it  is  joined 
from  the  northwest  by  the  second  of  these  channels,  which  entei's 
the  moniine  in  the  southwest  quarter  of  section  7,  Shaokatan. 
This  is  the  only  one  of  these  gaps  through  which  the  drainage  now 
takes  place,  as  at  the  time  of  their  excavation,  from  the  northeast 
to  the  southwest  side  of  the  morainic  ran^e.  Bluffs  75  to  100  feet 
high  form  the  sides  of  these  valleys,  enclosing  a  nearly  Hat  bottom 
land  which  varies  from  300  to  800  feet  in  width.  Lake  Shaokatiui 
outflows  northeastward  to  the  Yellow  Medicine  river;  Init  the 
highest  part  of  the  valley  that  extends  from  it  southwest  and  then 
northwest,  is  onlvslightlv  elevated  above  it.  The  southwest  course 
of  the  second  channel  is  continued  2i  miles  below  their  junction, 
having  about  the  same  depth  and  width,  to  the  center  of  section 
30,  T.  Ill,  R.  47,  where  it  enters  the  bust  of  tJiese  remarkable  val- 
leys. This  lies  wholly  in  Brookings  county,  Dakota.  It  extends 
six  miles  southward  from  the  southwest  end  of  Lake  Hendri<?ks, 
and  then  about  a  half  mile  beyond  the  confluence  of  the  valley 
from  Lake  Shaokatan,  it  turns  west-southwest.  Its  depth  for  the 
first  two  miles  south  of  Lake  Hendricks,  where  its  blufls  are  capped 
by  the  knolls  and  short  ridges  of  the  moraine,  is  from  150  to  200 
feet.  Along  the  remainder  of  its  course  to  the  mouth  of  the  tribu- 
tuy  channel,  its  blufis  ascend  steeply  about  100  feet,  and  from 
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their  top  a  moderate  slope  rises  40  to  50  feet  higher.  Below  this 
junction  the  valley  slowly  diminishes  in  depth,  and  after  six  miles 
reaches  an  area  of  low  land  in  the  northwest  part  of  T.  11,  R.  48. 
which  stretches  thence  to  the  Big  Sioux  river.  A  nearly  flat  bot- 
tom land  from  1-10  to  J  mile  wide  -extends  from  Lake  Hendricks 
the  entire  length  of  this  valley.  Its  highest  part,  IJ  miles  from 
the  lake,  is  about  15  feet  above  it,  the  outlet  of  this  lake  being 
northeastward  to  the  Lac  qui  Parle  river. 

The  channel  which  has  been  last  described,  running  south  from 
Lake  Hendricks,  was  called  by  the  Sioux  "  The  Brother  of  the 
Hole  in  the  Mountain,''  because  of  its  close  likeness  to  the  pass 
south,  southwest  from  Lake  Benton.  The  west  end  of  these  lakes, 
for  about  a  mile  of  each,  are  bordered  by  hillocks  and  high  bluffs, 
and  occupy  the  extremities  of  these  channels  at  their  entrance 
within  the  limits  of  the  moraine.  Lake  Benton  is  six  miles  long 
and  from  one-half  mile  to  a  mile  wide,  its  greatest  width  being  at 
the  northeast.  Lake  Shaokatan  is  about  three  miles  long,  and 
from  one-eighth  two  three-fourths  mile  wide,  its  maximum  width 
being  near  the  middle.  The  southwest  end  of  this  lake  is  at  the 
northeast  edge  of  the  morainic  belt.  Lake  Hendricks  is  three  and 
one-half  miles  long,  and  its  width  varies  from  one-fourth  to  three- 
fourths  of  a  mile,  being  greatest  near  its  northeast  end.  The 
maximum  depth  of  each  of  these  lakes  is  reported  to  be  about 
15  feet ;  and  they  are  bordered  on  all  sides  excepting  the  west  by 
smoothly  undulating  till,  which  varies  from  10  to  30  feet,  or 
rarely  50  feet,  above  them.  Thus  the  hollows  in  which  they  lie 
sink  about  40  feet  below  the  general  level  of  the  drift-sheet  at  the 
east  side  of  the  morainic  range,  and  about  30  feet  below  the  highest 
part  of  these  channels  which  are  continuations  from  them  through 
this  moraine  and  the  thick  sheet  of  till  at  its  west  side.  Nowhere 
else  for  at  least  50  miles  next  to  the  northwest  from  Murray 
county  is  this  massive  ridge  intersected  by  any  similar  channel, 
and  its  altitude  throughout  this  distance  is  from  100  to  200  feet 
above  these  lakes.  Its  highest  portion,  forming  a  belt  about  two 
miles  wide,  marked  by  many  hillocks  and  hollows,  appears  to  have 
been  pushed  out  at  the  margin  of  an  ice-sheet  that  lay  upon  its 
northeast  side.  The  excavation  of  these  channels  took  place  at 
the  same  time  with  the  accumulation  of  this  moraine,  or  more 
probably  at  the  close  of  this  part  of  our  last  glacial  epoch,  when 
the  ice  was  being  rapidly  melted,  but  before  it  had  receded  to  its 
inner  line  of  moraine  ;  for  the  thick  mass  of  the  ice-sheet,  rising 
high  above  its  terminal  deposits,  is  the  only  barrier  that  we  can 
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■suppase  to  have  existed  to  turn  the  course  of  dramage  across  this 
highland,  which  is  now  the  watei*shed  between  the  much  h)wer 
broad  basins  of  the  Minnesota  and  Big  Sit)ux  rivers,  and  after  this 
was  withdrawn  to  its  hiter  limits  at  its  inner  moraine,  extending 
from  Spirit  lake  to  Lake  Shetek  and  Gary,  a  lower  avenue  was 
opened  southward  to  the  Little  Sioux  river.  Without  reference  to 
this  barrier,  it  is  evident  that  the  course  of  the  watei's  that  eroded 
these  valleys  wjis  southwest,  because  of  their  extent  and  fall  in  this 
direction.  The  channel  that  reaches  south  from  Lake  Hendricks 
and  then  southwest  descends  from  the  summit,  one  and  one-half 
miles  south  of  the  lake,  with  a  very  gi-adual  slope  which  probably 
amounts  to  75  or  100  feet  in  the  next  ten  miles,  its  width  con- 
tinuing nearly  the  same  jls  where  it  intersects  the  moraine. 
Another  proof  that  the  course  of  drainage  was  southwest  is  the 
confluence  in  this  direction  of  the  three  vallevs  that  cross  this 
range  at  Lake  Shaokatan,  three  miles  farther  northwest,  and  at 
Lake  Hendricks. 

On  the  other  side  of  the  moraine  no  well  marked  vallevs  extend 
northeastward  from  the  lakes;  and  their  outlets,  which  run  onlv 
at  unusually  wet  seasons,  are  turned  in  a  mejmdering  course  by 
slight  undulations  of  the  surface.  There  seems  to  be  no  indica- 
tion that  the  channels  through  the  moraine  have  become  i)artially 
filled  since  their  excavation,  raising  them  to  their  summits,  15  feet 
more  or  less,  above  Lakes  Bent(m,  Shaokatan  Jind  Hendricks;  while 
yet  the  position  and  form  of  these  lakes  demonstrate  that  the  por- 
tions of  the  drift-sheet  which  would  have  filled  their  depressions. 
were  carried  away  by  the  rivers  that  cut  these  gaps.  Now  it  is 
clear  that  the  overflow^  from  a  lake  lying  between  the  ice-sheet  an<l 
its  moraine  could  not  excavate  a  hollow  several  miles  long  below  a 
summit  which  it  afterward  crossed.  Respecting  the  possible  ac- 
tion of  subglacial  rivers  we  have  little  knowledge,  but  it  appears 
improbable  that  they  could  erode  such  hollows,  carrying  the  mate- 
rial forward  through  higher  channels.  It  is,  however,  nearly  cer- 
tain that  this  removal  of  the  drift  belonging  upon  the  areas  occu- 
pied by  these  lakes  took  place  w^hile  the  ice-sheet  still  covered  these 
areas  and  reached  to  its  terminal  moraine:  but  near  the  end  of  this 
time  when  a  warmer  climate  was  rapidly  melting  its  surface  every 
summer,  pouring  down  large  rivers  to  its  margin.  By  such  melting, 
the  drift  which  had  been  gathered  into  the  ice-mass  would  become 
exposed  upon  its  surface,  and  in  and  near  its  princi2)al  avenues  of 
drainage  would  be  washed  away.  Only  in  this  manner  could  the 
material  of  the  drift-sheet  corresponding  to  the  depressions  of 
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these  lakes,  be  removed  by  the  usual  agency,  that  is,  by  the  cur- 
rent of  descending  streams.  If  this  be  the  true  explanation,  it  in- 
volves a  very  important  conclusion  respecting  the  amount  of  drift 
contained  in  the  ice-sheet  and  finally  exposed  by  the  melting  of 
its  surface.  Modified  drift  and  kames,  as  also  certain  features  of 
the  till  and  of  the  terminal  moraines,  prove  that  the  ice  of  the  gla- 
cial period  became  considerably  filled  with  the  material  of  the 
drift,  gathered  up  into  its  mass  from  the  land  over  which  it  moved^ 

Our  last  explanation  of  the  origins  of  these  lake  basins  indicates 
that  the  ice-held  drift  here  amounted  to  a  sheet  at  least  40  feet 
thick;  but  much  of  it  may  have  been  in  the  lower  150  feet  of  the 
ice,  below  the  top  of  its  terminal  moraine. 

In  Dakota  the  continuation  of  this  outer  belt  of  knolly  and  hilly 
drift  has  been  traced  north-northwest  through  northeastern 
Brookings  county,  the  center  of  Deuel  county,  southwestern  Grant 
county  and  the  northeast  corner  of  Codington  county.  Its  width 
is  from  two  to  three  miles.  North  from  Gary  the  nearly  parallel 
inner  moraine,  very  roughly  broken  upon  a  width  that  varies  from 
one  to  two  miles,  is  divided  from  this  western  moraine,  as  was 
stated  on  a  preceding  page,  by  a  width  of  three  or  four  miles  which 
has  a  rolling  surface  but  is  much  smoother  in  its  outlines  and 
slopes  than  these  specially  knolly  belts.  The  inner  or  eastern  mo- 
raine is  generally  from  100  to  200  feet  above  the  foot  of  the  slope 
on  which  it  lies.  This  ascends  some  250  feet  more  in  the  interval 
between  this  and  the  outer  or  western  moraine,  which  lies  between 
about  500  and  650  feet  above  the  base  of  this  slope,  and  approxi- 
mately between  800  and  950  feet  above  the  Minnesota  river  and 
Big  Stone  Lake.  At  the  west  side  of  the  outer  moraine  in  north- 
ern Deuel  county  and  northward  after  a  descent  of  20  to  40  feet 
a  smooth  surface  of  slightly  undulating  till  succeeds,  and  within  a 
few  miles  rises  30  to  50  feet,  and  in  some  portions  75  feet,  above 
the  highest  hillocks  that  were  heaped  at  the  margin  of  the  ice- 
sheet,  this  watershed  being  from  1000  to  1050  feet  above  the 
Minnesota  river  or  about  2000  feet  above  the  sea.  The  material  of 
these  moraines  is  till  with  many  boulders;  and  their  contour  is  as 
usual,  in  many  small  hills,  ridges  and  irregular  hollows. 

The  outer  moraine  crosses  northeastern  Brookings  county  from 
sections  15  and  16,  T.  Ill,  R.  47,  to  sections  1  and  2,  T.  112,  R. 
48.  The  southwest  end  of  lake  Hendricks  and  Oak  lake  lie  in  the 
east  part  of  this  belt.  In  Deuel  county  it  first  extends  north 
through  the  east  third  of  Ts.  113  and  114,  R.  48,  and  thence  pass- 
es northwestward  to  the  county  line  at  the  north  side  of  sections 
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1,  2,  and  3,  of  its  northwest  township.  Clear  lake,  tlie  Coteau 
lakes,  and  the  North  Two  Woods  lakes  lie  at  its  west  side,  the  last 
being  in  the  depression  l)etween  this  Ijelt  of  drift  hills  and  knolls 
and  the  higher  smooth  surface  of  till  three  miles  farther  north- 
west. In  crossing  Deuel  county  from  east  to  west  on  the  Winona 
&  St.  Peter  (C.  &  N.  W.)  railroad,  the  traveler  enters  the  inner 
morainie  belt  at  the  west  edge  of  Minnesota,  a  little  east  of  (jarv. 
This  line  crosses  this  belt  ol)li(iuely,  occupying  about  four  miles, 
and  the  next  six  miles,  lying  ]>artly  on  each  side  of  Altamont,  are 
among  the  knolls  and  small  hills  of  the  outer  moraine,  succeeded 
by  a  smooth,  slightly  undulating  area  of  till,  which  rises  to  the 
summit  of  this  line  near  Goodwill,  2()00  feet  above  the  sea,  extends 
thence  nearly  level  to  Kranzburg,  and  then  descends  250  feet  by  a 
very  gradual  slope  to  Watertow^n.  Several  lakes  occur  between 
these  moranic  belts  in  Deuel  county,  the  largest  being  Lake  Alice, 
two  miles  north  of  the  railroad. 

In  southwestern  Grant  county  imd  the  northeast  corner  of  Cod- 
ington  county,  the  west  border  of  the  outer  moraine  extends  from 
fsection  34,  T.  118,  R.  50,  to  the  southwest  corner  of  section  30,  T. 
119,  R.  50,  and  thence  passes  more  westerly  to  sections  36  and  25, 
T.  120,  R.  52.  A  lake  two  miles  long  lies  at  the  southwest  side  of 
this  knoUy  belt  in  T.  118,  R.  50,  and  Punished  Woman's  lake  lies 
within  its  limits  seven  miles  fai-ther  northwest,  in  the  northesist 
township  of  Codington  county.  The  line  of  inner  moraine  in 
€lrant  county  reaches  from  section  31,  T.  118,  R.  48,  northwester- 
ly to  sections  33  and  34,  T.  120,  R.  50. 

The  farther  extent  of  this  formation  fortv  miles  north-north- 
west  to  the  head  of  the  Coteau  des  Prairies,  twenty-five  miles  west 
of  Lake  Traverse,  has  not  been  explored.  The  land  on  which  it 
lies  is  conspicuously  seen  from  the  east,  as  it  maintains  a  continu- 
ous height  about  2000  feet  above  the  sea,  or  1000  feet  above  liig 
Stone  lake.  Brown's  valley,  and  Lake  Traverse.  Within  a  few 
miles  north  from  the  head  of  the  coteau,  the  land  in  the  north- 
west part  of  the  Sisseton  and  Warpeton  reservation  falls  600  feet 
to  the  lowest  portion  of  the  watershed  ]>etween  Brown's  Valley 
and  the  Shevenne  river, 

THE  MEDIAL  MORAIXE  FROM  THE  HEAD  OF  THE  COTEAU  DES  PRAIUIF^ 

TO  TURTLE  MOUNTAIN. 

It  seems  quite  probable  that  a  morainie  belt  of  knolly  and  hilly 

drift,  several  hundred  feet  lower  than  this  most  elevated  nortli- 
22 
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western  portion  of  the  Coteaa  des  Prairies,  continues  in  the  sam^e 
north-north-west  course  between  the  Sheyenne  and  James  river^ 
or  in  part  east  of  the  Sheyenne,  to  the  Devil's  lake  (Mini-wakan),, 
a  distance  of  175  miles.  Nicollet  crossed  the  area  between  these 
rivers  near  latitude  46®,  30,  about  60  miles  northwest  from  the 
head  of  the  coteau,  and  remarks  that  its  highest  portion  ''may 
be  considered  as  a  continuation  of  the  Coteau  des  Prairies."  He 
states  that  in  approaching  Devil's  lake  from  the  southeast,  on  the 
east  side  of  the  Sheyenne  river,  the  highest  of  the  hills  at  its  south 
side,  called  by  the  Sioux  Mini-wakan-chante^  ''the  heart  of  Devil's 
lake,"  could  be  seen  at  a  distance  of  more  than  thirty  miles.  '"The 
lake  is  on  the  plateau  of  the  Shayen-oju  [Sheyenne  river],  and  is 
surrounded  by  swells  and  hills,  varying  in  height  from  twenty  to- 

250  feet The  lake  itself  is  so  filled  up  with  islands  and 

promontories,  that,  in  traveling  alongitsshores,  it  is  only  occasion- 
ally that  one  gets  a  glimpse  of  its  expanse."* 

Turtle  Mountain,  which  is  crossed  by  our  national  boundary  75 
to  100  miles  northwest  from  Devil's  lake,  appears  to  be  /el  portion 
of  the  same  morainic  series.  Of  this  "  Mountain  ^  Mr.  George  M. 
Dawson  writes:  "  It  is  a  broken,  hilly,  wooded  region^  with  an  area 
of  perhaps  twenty  miles  square,  and  slopes  gradually  upward  from 
the  plain  around  it,  above  which  it  is  elevated,  at  its  highest  points^ 
about  500  feet Nearly  all  the  abrupt  slopes  and  ridges  in  Tur- 
tle mountain — of  which  there  are  many — show  boulders  in  abun- 
dance, and  these  appear  to  be  chiefly  of  Lauren tian  rocks The 

western  is  more  abruptly  hilly  than  the  eastern  side,  and  the  more 
prominent  ridges  have  a  general  northerly  and  southerly  direction 
with  intervening  valleys  .characterized  by  swamps  and  lakes. 
Large  areas  of  comparatively  level,  or  only  gently  undulated 
ground,  are  however  found  in  some  places.  The  surface  of  the 
'  mountain '  appears  to  be  that  of  the  drift,  as  deposited,  and  has 
been  but  little  modified  by  subsequent  sub-aerial  action.  The 
lakes  lie  in  basin-like  hollows,  and  notwithstanding  their  greai 
number,  drainage  valleys  and  stream  courses  are  few  and  unim- 

portant."t 

Gapt.  W.  J.  Twining  says:  "From  Turtle  Mountain  to  the 
southeast,  there  is  a  series  of  rough  hills,  with  intervals  of  rolling 
prairie,  extending  to  Devil's  lake,  and  thence  to  Lake  Jessie,  form- 
ing with  the  Coteau  of  the  Prairie,  on  the  western  border  of  Min- 

*NicolIet'8  Report  on  the  upper  Mississippi  river,  1843 ;  pp.47  and  sa 

t  Dawson's  Report  on  the  Oeology  of  1M  Forty -ninth  Parallel ;  Montreal :  1875 ;  pp  223i 
and  224. 
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nesota,  a  line  of  drift  formation  almost  exactly  parallel  and  simi- 
lar in  character  to  the  Cotean  of  the  Missouri."* 

The  principal  masses  of  morainie  drift  which  are  found  rising  in 
prominent  hills  in  or  near  the  line  of  continuation  of  this  forma- 
tion to  the  north  and  northwest,  occur  in  ranges  which  extend 
from  east  to  west  or  from  northeast  to  southwest.  These  include 
the  Blue  hills,  stretching  al)Out  75  miles  east  from  the  lower  part 
of  the  Souris  or  Mouse  river,  and  the  ranges  of  the  Little  Touch- 
wood hills  and  the  Touchwood  hills  north,  of  the  <iu'Appelle  riv- 
er. Of  the  last  Prof.  H.  Y.  Hind  writes:  "The  general  direction 
of  the  range  is  N.  26^  E.  It  appears  to  consist  of  a  series  of  drift 
hills,  many  of  which  rise  in  rounded  dome-shaped  forms  from  the 
summit  plateau,"  which  is  stated  to  have  a  width  of  four  miles  and 
an  elevation  about  500  feet  abuvc  the  jmiirie  on  the  west,  while 
its  highest  point.  Heart  hill,   is  some  TOO  feet  above  the  plain 

eastward.! 

If  any  of  these  morainie  df^ posits  north war<l  from  the  hciul  of 
the  Coteau  des  Prairies  were  accumulated  at  the  same  time  with 
the  outer  terminal  moraine,  which  crosses  southwestern  MinnescH 
ta,  they  must  l)e  of  medial  origin,  having  been  heaped  where  con- 
verging ice-currents  were  pushed  against  each  other  from  the 
northeast  and  northwest,  belonging  to  two  vast  lol)es  of  the  ice- 
sheet.  The  U-shaped  moraine  gathered  at  the  margin  of  that 
which  lay  on  the  east,  has  been  already  described.  It  reaches  from 
the  head  of  the  Coteau  and  from  the  Leaf  hills  south  to  central 
Iowa.  The  contemporaneous  terminal  moraine  that  marks  the 
border  of  the  second  of  these  ice-lobes,  lying  on  the  west,  extends 
from  the  head  of  the  Coteau  des  Prairies  about  150  miles  south- 
ward on  the  west  side  of  the  Big  Sioux  river,  then  bends  west 
acrass  the  lower  part  of  the  James  river,  and  beyond  turns  to  the 
north-northwest  and  northwest,  crossing  Dakota  diagonally  be- 
tween the  James  and  Souris  rivers  on  the  east  and  the  Missouri 
river  on  the  west,  where  it  forms  the  conspicuous  l)elts  of  kn«»lly 
and  hilly  drift  of  the  Coteau  du  Missouri. 

THE  TERMINAL  MORAINE  FROM   THE  HEAD   OF  THE  COTEAU  DES  PrtAl- 

RIES  TO  THE  COTEAU  DU  MISSOURI. 

The  course  of  the  moraine  accumulated  at  the  east  border  of  this 
western  lobe  of  the  ice-sheet  has  been  mapped  for  me  in  Codington 

^Htjatri  uittm  the  Surrru  of  the  Boimdary  of  the  United  Statcit  frttm  the  Lake  nf  the. 
ITnocfa  to  the  Rorky  Mountains.  1970 ;  ]).  72. 

ffl\ud*B  KejMt  of  thi  A  yifinitiuine  and  Safkateheiran  Ejcpioring  Erfteditiou:  Toronto: 
ISM ;  p,  S8. 
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and  Hamlin  counties  by  Mr.  C.  C.  Wiley,  land  agent  at  Water- 
town,  Dakota.  He  describes  the  formation  in  these  counties  as 
averaging  about  one  mile  in  width,  its  material  being  till  with 
abundant  boulders,  and  its  surface  broken  with  many  short  ridges 
and  hillocks,  very  irregular  in  their  arrangement  and  variable  in 
height,  the  most  conspicuous  being  about  100  feet  above  the  ad- 
joining country.  In  general  features  this  belt  of  hilly  drift  west 
of  the  Big  Sioux  is  stated  to  be  nearly  the  same  with  the  morain- 
ic  belts,  which  are  crossed  in  Deuel  and  Grant  counties,  in  going 
from  Watertowu  east  to  Canby,  or  northeast  to  Big  Stone  City  and 
Ortonville.  The  peculiai*  knolls  and  small  hills  of  these  moraines 
are'rJmobt  universally  called  "coteausf'  and  the  belts  occupied  by 
them  are  very  noticeable  and  unmistakable  because  of  their  rough 
topography  and  inferior  agricultural  value,  in  comparison  with  the 
smoothly  undulating  sheet  of  till  which  covers  the  remainder  and 
much  larger  part  of  this  region.  Mr.  Wiley  reports  that  this  mo- 
raine enters  Codington  county  from  the  Sisseton  and  Warpeton 
reservation  at  the  north,  in  the  west  edge  of  T.  119,  R.  53,  passing 
Indian  lake,  rising  most  prominently  at  the  west  side  of  section 
31  of  this  township,  and  continuing  two  miles  fartherto  the  lake 
at  the  south  side  of  Sec.  7,  T.  118.  R.  53.  Through  the  next  three 
or  four  miles  this  formation  is  inconspicuous,  but  regains  its  usual 
rough  contour  in  Sees.  35  and  36  of  T.  118,  R.  54,  and  thence  ex- 
tends with  a  course  a  little  east  of  south  to  the  west  ends  of  Lake 
Kampeska  and  Pelican  lake,  and  thence  south  3  J  miles  to  the  north 
line  of  Hamlin  county.  Its  highest  elevations  occur  is  Sec.  13,  T. 
117,  R.  54,  one  to  two  miles  north  of  the  west  end  of  Lake  Kam- 
peska; south  of  this  lake,  in  Sees.  5  and  6,  T.  116,  R.  53,  lying  six 
miles  west  of  Watertown,and  in  the  S.  E.  J  of  Sec.  19  of  the  same 
township.  From  Sec.  13,  T.  117,  R.  54,  a  branch  series  of  the 
drift  hills  extends  three  miles  west  and  then  seven  miles  northwest, 
bordered  by  several  lakes  on  each  side  and  ending  in  bees.  26  and 
23,  T.  118,  R.  55,  at  the  west  side  of  the  largest  of  these  lakes. 
The  road  from  Watertown  to  the  James  river  follows  nearly  the 
coui-se  of  this  range,  which  may  be  a  medial  moraine.  In  Ham- 
lin county  the  course  of  this  formation  is  first  southeast  through 
Sees.  4,  10  and  14,  T.  115,  R.  53,  then  south  from  section  23  of 
this  township  to  Sec.  26,  T.  114,  R.  53,  next  south-southwest  al>out 
three  miles,  and  lastly  south-southeast  five  miles,  lying  at  the  east 
side  of  three  lakes,  in  T.  113,  R.  53,  and  reaching  the  county  line 
at  the  southeast  corner  of  this  township,  at  the  southwest  end  of 
Lake  Poinsett. 
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Southward  tlie  peculiar  'Votvauss*'  of  this  formation  continue,  as 
described  to  me  by  vari<;us  travelers,  in  a  course  a  little  to  the  aast 
of  south  about  40  miles,  with  a  width  of  from  two  to  five  miles, 
passing  a  few  miles  east  of  Nordland  in  southwestern  Brookings 
county,  through  the  northeastern  border  of  Lake  county,  and  into 
southwestern  Moody  county.  Thence  the  series  appears  to  bend 
southwest  and  west  through  the  nortliwest  edge  of  Minnehaha 
county.  A  range  of  these  drift  hills  which  is  reported  in  T.  106, 
R.  55,  at  the  west  side  of  Lake  county,  is  probably  of  medial  ori- 
gin. Of  the  farther  course  of  this  uioraine,  ]»erhaps  south  through 
McCook  and  Turner  counties  and  the  north  part  of  Yankton  coun- 
ty, no  definite  information  has  been  obtained. 

THE   COTE  A  U    DU   MISSOURI. 

At  the  west  side  of  this  great  lobe  of  the  ice-sheet,  its  terminal 
deposits  constitute  the  most  broken  portion  of  th<»  Coteau  du  Mis- 
souri, generally  forming  its  line  of  watershed.  A  second  morainic 
belt  appears  also  to  be  described  30  or  40  miles  further  west,  lying 
at  a  distance  of  ten  miles,  more  or  less,  east  from  the  Missouri  riv- 
er. A  part  of  this  formation  extending  about  twenty  miles  north- 
northwesterly  in  northern  Aurora  county  and  southeastern  Haiul 
countv,  Iving  about  30  miles  west  of  Huron,  has  been  named  Hie 
Wesington  hills. 

Nicollet  cross<?d  the  Coteau  du  Missouri  in  a  northeast  direction 
from  Fort  Pierre  to  the  James  river  near  the  south  line  of  Brown 
county,  about  west  of  Ortcmville.  On  this  route,  within  a  few 
miles  from  the  Missouri,  its  l)lults  rise  about  500  feet,  attaining  a 
height  between  1000  and  2000  feet  above  the  sea.  The  upper  j por- 
tion of  these  ]»lutfs  and  the  surface  thence  all  the  wav  to  the 
James  river,  is  reported  to  l)e  drift.  About  15  miles  ejist  of  Fort 
Pierre,  in  the  vicinity  of  East  Medicine  Knoll  creek,  a  morainic 
area  appears  to  have  been  crossed,  respecting  which  Nicollet  writes: 
"It  is  to  be  remarked  of  the  prairies  of  this  region,  that  they  pre- 
sent low,  insulated  hillocks,  to  which  the  Sioux  apply  the  some- 
what generic  name  of  re  or  paliali.  according  as  they  are  more  or 
less  elevated  above  the  surrounding  plain 

Before  quitting  the  forks  of  East  Medicine  river  we  had  made  an 
ample  supply  oi  water  and  wood;  a  necessary  precaution,  for  soon 
6¥ery  appearance  of  running  water  disappeared.  The  green  plains 
regain  their  uniformity,  bounded  only  by  the  horizon,  and  pn^sent- 
ing  a  smooth  surface,  without  on**  sprig  of  grass  higher  than  an- 
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other.  The  deep  furrows  made  by  the  buffaloes  in  their  migrat- 
ing excursions  from  north  to  south  and  from  south  to  north,  are 
the  only  irregularities  of  the  surface.  However,  as  the  direction 
of  our  route  is  towards  the  eastern  border  of  the  plateau,  we  could 
not  help  remarking  that  there  the  undulations  of  the  prairie  are 
shorter,  their  intervals  deeper,  and  finally  swell  into  hills  of  80  to 
100  feet  in  elevation.  We  had  then  reached  the  dividing  ridge  be- 
tween the  waters  that  empty  into  the  Missouri  and  those  that  flow 
into  the  river  Jacques''  [near  the  northwest  corner  of  Hand  coun- 
ty, 40  miles  northeast  from  the  knoUy  tract  first  crossed].  ''The 
mean  elevation  of  this  ridge  above  the  sea,  is  2,100  feet,  and 
goes  to  2,200  feet,  if  the  mean  height  of  the  hillocks  formed  of  the 

erratic  deposit  be  taken  into  the  estimate A  few 

miles  farther  east  we  reached  the  extreme  verge  of  the  eastern 
limit  of  the  Coteau  du  Missouri,  whence  a  most  magnificent  spec- 
tacle presents  itself,  extending  over  the  immense  hydrographical 

basin  of  the  Tchan-sansan,  or  river  Jacques  [James], 

The  basin  of  the  river  Jacques  between  the  two  coteauu''  [in  lati- 
tude 45®  15\  near  the  south  line  of  Bro\vn  county]  "may  be  laid 
down  as  having  a  breadth  of  80  miles,  sloping  gradually  down 
from  an  elevation  of  700  to  750  feet,"* 

Prof.  Cyrus  Thomas  descnbes  the  Coteau  des  Prairies  as  divided 
southward  into  two  arms,  of  which  the  western  ''encroaches  close 
ui)on  the  James  river  valley,  about  latitude  44®  15\  where  it  ends: 
the  other  arm  reaches  southeast,  passing  down  on  the  east  side  of 
the  headwaters  of  Big  Sioux  and  gradually  fades  out  in  the  south- 
west corner  of  Minnesota The  other  plateau  is  the 

Coteau  of  the  Missouri.  This  hugs  the  valley,  and  follows  the 
course  of  the  Missouri  northward  from  Fort  Sully"  [15  miles  below 
the  mouth  of  the  Cheyenne  river]  "to  the  great  bend  of  the  river 
near  the  mouth  of  the  Yellowstone.  Here  it  recedes  and  extends 
in  a  northwest  direction  into  British  Possessions,  where  it  gradu- 
ally fades  out  and  is  lost.  It  varies  in  width  from  thirty  to  fifty 
miles,  and  in  height  from  1,800  to  2,200  feet  above  the  sea;  but 
the  surface  is  more  irregular  than  that  of  the  other  coteau,  portions 
of  it  rising  as  much  as  200  feet  above  the  general  average.  The 
general  elevation  corresponds  very  closely  with  that  of  the  Coteau 
des  Prairies,  showing  very  clearly  some  relation  between  the  two. 
On  each  are  numerous  small  lakes,  mostly  impregnated,  more  or 
less,  with  saline  matter,  and  at  many  points  on  each,  boulders  are 
quite  plenty."  f 

♦Nicollet's  Report  on  the  Upper  MiwUfnippi,  1813,  pp.  44—46. 
iU.  S.  Gwl.  Survey  of  the  Territof^,  1872,  p.  294.  % 
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Dr.  F.  V.  Hayden  writes  or  tlie  drift  deposits,  evidently  morainie, 
which  cover  portions  of  southeastern  Dakota,  and  of  the 
Coteaa  du  Missouri,  as  follows:  ''North  of  the  Missouri  river, 
from  the  Big  Sioux  river  to  Fort  Clark"  [40  miles  nortli  of  Bis- 
marck], ^*there  are  districts  where  one  mij^ht  walk  for  miles  across 
the  plains  and  over  the  hills,  without  stepping  upon  the  ground, 
so  closely  paved  is  it  with  worn  or  partially  worn  boulders/'* 

On  the  line  of  the  Northern  Pacific  railroiul  the  Coteau  du  Mis- 
souri is  composed  of  till  with  frequent  boulders,  and  has  a  rolling 
surface  with  many  lakes,  but  does  not  rise  in  prominent  hills.  Its 
height  is  from  1800  to  lOOO  feet  above  the  sea,  the  James  river  on 
the  east  being  1400,  and  the  Missouri  river  on  the  west,  165<). 

Gov.  Isaac  I.  Stevens  traversed  the  Coteau  du  Missouri  from  the 
west  side  of  the  loop  of  the  Souris  or  Mouse  river  in  Dakota  west- 
erly to  Fort  Union  at  the  mouth  of  the  Yellowstone  and  west  line 
of  this  territory.  ''The  distanee  from  Mouse  river  to  Fort  Union, 
as  traveled,  was  118 J  miles.  The  route  crosses  the  Grand  ('otean, 
«  collection  of  high,  stony  and  barren  knolls,  with  great  numl)ers 
■of  small  ponds .  lodged  l)etween  the  hills The  gen- 
eral elevation  is  between  iJ,000  and  2,500  feet,  and  it  descends 

again  at  the  Missouri  (Fort  Union)  2,019  feet The 

plateau  between  jthe  Missouri  and  Mouse  river,  cannot  be  called 
simply  a  rolling  prairie,  though  in  detail  resembling  the  hilly  prai- 
iries  noticed,  although  in  a  very  exaggerated  degree,  having  a 
general  similarity  of  outlines,  an  al>senee  of  wood  and  rocks  in 
place,  boulders  plentiful,  ponds  and  marshes,  if  possible,  more  fre- 
quent; but  the  elevations  are  so  much  greater  as  to  form  consider- 
able hills  and  ridges  several  lumdreti  feet  high,  which  become  still 
more  rugged  on  the  approach  to  Fort  Union,  where  they  end 
abruptly  on  the  level  intervale  of  the  Missouri. "f 

Mr.  George  M.  Dawsan,  geologist  of  the  British  Boundary  Com- 
mission for  establishing  the  line  Ix^tween  the  United  States  and 
British  America  from  Lake  of  the  Woods  to  the  Kocky  Mountains, 
gives  an  admirable  description  of  this  belt  of  roughly  hilly  drifts, 
•where  it  passes  beyond  our  national  limits  at  the  northwest  corner 
of  Dakota,  120  west  of  Turtle  Mountain.  ''The  Missouri  Coteau 
is  one  of  the  most  important  features  of  the  western  plains,  and  is 
eertainly  the  most  remarkable  monument  of  the  glacial  period  now 
existing  there.     I  have  had  the  opportunity  of  examining  more  or 

tReport  of  same.  1^70,  p.  174.    TIh'so  (|Uotatlon.s  are  iMteil  by  Mr.  (i.  M.  Dawson,  In  con- 
nectlun  with  IiIh  desrription  of  the  Coteau  ilu  MisMnirl  in  the  vicinity  of  the  4!>th  liiiiaUel 

*Repurtfof  EritlnratiituH  mul  SHtTfi/Hior  a  Httilroad  from  the  MMMmaippi  liiirr  to  the 
Patifid  Ocean  nuidc  m  1S53-3  ;  18Gu.  Vol.  xil,  llook  i.  pp.  t>4  ami  &*>. 
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less  carefully  that  portion  of  it  which  crosses  the  forty-ninth  par- 
allel, northwestward  for  a  length  of  about  100  miles.  On  the 
parallel,  the  breadth  of  the  Coteau,  measured  at  right  angles  to  its 
general  course,  is  about  30  miles;  and  it  widens  somewhat  norths- 
ward.  On  approaching  its  base,  which  is  always  well  defined  at  a 
distance,  a  gravel  ascent  is  made,  amounting  in  a  distance  of  25 
miles  to  over  150  feet.  The  surface  at  the  same  time  becomes 
more  remarkably  undulating,  as  on  nearing  Turtle  Mountain  from 
the  east,  till  almost  before  one  is  aware  of  the  change,  the  trail  is 
winding  among  a  confusion  of  abruptly  rounded  and  tumultuous 
hills.  They  consist  entirely  of  drift  material;  and  many  of  them 
seem  to  be  formed  almost  altogether  of  boulders  and  gravel,  the 
finer  matter  having  been  to  a  great  extent  washed  down  into  the 
hollows  and  basin-like  valleys  without  outlets  with  which  this  dis- 
trict abounds.  The  ridges  and  valleys  have  in  general  no  very 
determined  r^irection;  but  a  slight  tendency  to  arrangement  in 

north  and  south  lines  was  observable  in  some  places Taking 

the  difference  of  level  between  the  last  Tertiary  rocks  seen  near 
the  eastern  base  of  the  Coteau,  and  those  first  found  on  its  western 

side,  a  distance  of  about  70  miles»  we  find  a  rise  of  600  feet 

On  and  against  this  gently  inclined  plane  the  immense  drift  depos- 
its of  the  Coteau  hills  are  piled.  The  average  elevation  of  the 
Coteau  above  the  sea,  near  the  forty-ninth  parallel,  is  about  2,000* 
feet;  and  few  of  the  hills  rise  more  than  100  feet  above  the  gen- 
eral level From  what  1  can  learn  of  this  region  it  would 

appear  that  the  so-called  Coteau  des  Prairies  and  Coteau  de  Mis- 
souri, between  which  a  distinction  is  made  on  the  maps,  are  parts 
of  the  same  great  feature.  Their  elevation  is  similar,  and  nearly 
the  same  as  that  of  the  Coteau  on  the  line;  and  they  are  equally 
characterized  by  the  immense  profusion  of  erratics  with  which 
they  are  strewn,  and  by  basin-like  swamps  and  lakes.  The  Coteau 
des  Prairies,  however,  stretches  furthest,  and  dies  away  only  in 
the  southwestern  corner  of  Minnesota.  In  the  Coteau,  then,  we 
have  a  natural  feature  of  the  first  magnitude,  a  mass  of  glacial 
debris  and  traveled  blocks,  with  an  average  breadth  of  perhaps  30 
to  40  miles,  and  extending  diagonally  across  the  central  region  of 
the  continent  for  a  distance  of  about  800  miles." 

In  British  America,  between  the  49th  and  50th  parallels,  a  plateau 
of  Tertiary  strata,  higher  than  these  drift  deposits,  rises  at  their 
southwest  side,  its  slope  near  the  border  of  the  Coteau  being  chai?- 
acterized  by  lakes  or  chains  of  lakes,  which  ''have  a  winding  river- 
like form,  and  fill  steep-sided  valleys.     These  great  old  valleys  have 
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now  no  outlet;  they  are  evidently  of  pre<^lacial  age,  and  have 
formed  a  pai-t  of  the  former  sculpture  of  the  country.  The  heaping 
of  the  great  mass  of  debris  of  the  Coteau  against  the  foot  of  the 
Tertiary  plateau  has  blocked  them  up  and  prevented  the  waters  from 
finding  their  way  northward  as  before  ;  and  since  glacial  times  the- 
rainfall  of  the  district  has  never  l)een  sufficiently  great  in  proportion 
to  the  evaporation  to  enable  the  streams  to  cut  through  the  barrier 
thus  formed.  The  existence  of  these  old  vall(?ys,  and  the  arrange- 
ment of  the  drift  deposits  with  regard  to  them,  throw  impowtant 
light  on  the  former  history  of  the  plains.  Northw^ird  the  Coteau 
ceases  to  be  identified  with  the  Tertiary  plateau,  and  rests  on  a 
slope  of  Cretaceous  rocks.  It  can  be  followed  by  l\illiser's  and 
Hector's  descriptions  of  the  country  to  the  elbow  of  the  South 
Saskatchewan,  and  thence  in  a  line  nearly  due  north  through  the 
Eagle  and  Thickwood  hills''  [the  former  lying  at  the  west  side  of 
the  South  Saskatchewan  below  its  elbow,  and  the  latter  north  of 
the  North  Sa»*katchewan,  about  75  miles  west  of  the  junction  of 
these  rivers  and  300  miles  west  of  Lake  Winnipeg];  •'beyond  the 
North  Saskatchewan,  however,  it  appears  to  become  more  broken 
sind  less  definite.  In  Dr.  Hector's  description  of  certain  great 
valleys  without  outlet  in  this  northern  region,  1  believe  I  can 
recognize  there  too  the  existence  of  old  Ijlockod-u])  river-courses 
similar  to  those  just  described.''* 

It  appears  that  north  of  latitude  50^  this  formation  consists,  ils 
in  Freeborn  county  and  upon  the  Coteau  ties  Prairies  in  south- 
western Minnesota,  of  two  nearly  parallel  ranges  or  belts  of  knolly 
and  hilly  drift.  Besides  this  series  of  drift  hills  of  Dawson's  re- 
port and  map,  west  of  the  South  Saskatchewan  river,  or  South 
Branch,  between  its  olbow  and  its  confluence  with  the  North 
Branch,  another  morainic  belt  occurs  at  its  east  side  along  this 
distance,  of  which  Prof.  H.  Y.  Hind  writes  as  follows :  "A  con- 
tinuation or  spur  of  the  Grand  Coteau  comes  on  the  (iu'Appelle 
river  at  the  height  of  land  about  18  miles  [east,  southeast]  from 
the  elbow  of  the  South  Branch.     Here  it  is  called  the  '  Eyebrow 

Hill  Range  ^  by  the  Crees The  South  Branch  flows  for 

fully  200  miles  from  the  elbow  at  the  foot  of  this  continuation 
of  the  Eyebrow  Hill  Kange,  in  a  northerly  direction,  Jind  its  deep 
excavated  valley  appears  to  lie  at  an  average  distance  of  twelve 
miles  from  it.  This  range  is  cut  by  several  narrow  deep  valleys  ;: 
and  from  the  small  lakes  or  ponds  which  occupy  their  summits, 

•  G.  M.  Dawson,  in  (Juartrrlu  Journal  Gfol.  Soc..  for  Nov..  1S75.  vol.  xxxl,  pp.  fil4~C16 ; 
and  more  fully  In  Htp.  on  0>of.  on  the  Forty-ninth  Parallel,  ibirn  pp.  221—237. 
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water^  during  spring  freshets,  flows   to   the   Saskatchewan  and 

Assiniboine It  appears  to  terminate  suddenly  in  the  form 

of  an  isolated  hill  about  400  feet  above  the  plain,  called  'The 
Lumpy  hill  of  the  Woods.' From  its  summit  an  undu- 
lating open  country,  dotted  with  lakes  and  flanked  by  the  Birch 
hills  is  visible  towards  the  east.  South  and  southwest  is  a  lake 
region,  also  north  and  northeast.  These  lakes  are  numerous  and 
large,  often  three  miles  long  and  two  broad.  Seventeen  large  lakes 
can  be  counted  from  the  Lumpy  Hill  ;  hill  ranges  in  several  direc- 
tions can  also  be  discerned.  The  most  important  of  these  are  the 
Bloody  hills,  the  Woody  hills,  far  in  the  prairie  west  of  the  South 
Branch,  and  the  chain  of  the  Birch  hills  running  from  the  Lumpy 

hill  [north-]easterly This   eminence  consists   of  drift 

sand  and  clay,  with  boulders  on  its  summit.''* 

The  origin  of  the  morainic  range  of  the  Touchwood  hills,  briefly 
described  on  a  preceding  page,  seems  very  probably  to  have  been 
as  a  medial  branch  about  150  miles  in  length,  diverging  north- 
easterly from  the  Coteau  du  Missouri  at  about  40  miles  south  of 
the  Eyebrow  hill  and  the  head  of  the  Qu'Appelle  river.  Twenty- 
five  miles  east-southeast  from  the  Eyebrow  hill,  the  Qu'Appelle 
intersects  this  belt  of  drift  hills  at  the  head  of  Buffalo  Pound  Hill 
lake.  Prof.  Hind  says:  '*The  whole  country  here  assumed  a  dif- 
ferent appearance;  it  now  bore  resemblance  to  a  stormy  sea  sud- 
denly become  rigid;  the  hills  were  of  gravel  and  very  abrupt,  but 
none  exceeded  100  feet  in  height.  The  Coteau  du  Missouri  is  clear- 
ly seen  from  Bufialo  Pond  Hill  towards  the  south,  while  north- 
easterly the  Last  Mountain  of  the  Touchwood  Hill  range  looms 
gray  or  blue  in  the  distance.  Between  these  distant  ranges  a  tree- 
less plain  intervenes. "t 

THE  BLUE  HILLS  AND   THE  MESABI  RANGE. 

The  Blue  hills  of  the  Souris,  extending  75  miles  east  from  the 
northwest  side  of  the  Souris  or  Mouse  river  near  its  mouth,  about 
30  miles  north  of  Turtle  Mountain,  to  the  escarpment  called  Pem- 
bina mountain,  which  forms  the  west  boundary  of  the  plain  of  the 
Bed  river  valley,  appear  to  be  part  of  a  terminal  moraine,  accumu- 
lated at  the  front  of  the  ice-sheet  during  a  halt  in  its  retreat,  per- 
haps attended  by  some  read  van  ce,  long  after  it  had  withdrawn 
from  the  Coteau  of  the  Missouri  and  the  Coteau  of  the  Prairies. 


*  Rei)f)rt  of  Ihe  AMiniboiiic  aiid  Saskatchewan  Explorino  Expedition^  1869 ;  pp.  27, 28, 67 
and  68. 
tSame  report,  p.  63. 
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The  Mesabi  range  of  drift  hills  in  northern  Minnesota,*  reaching 
from  Winnebigoshish  and  Bowstring  hikes  easterly  to  the  sources 
the  St.  Louis  and  Vermilion  rivers,  and  thence  east-northeast  u]>- 
on  a  region  which  has  frefjuent  exposures  of  the  l^ed-rocks,  some- 
times in  more  eonspicu(jus  hills  than  those  of  the  drift,  is  believed 
to  be  another  part  of  the  terminal  moraine.  The  topographic  fea- 
tures of  these  series  of  drift  deposits  indicate  this  origin;  and  their 
geographic  position  makes  it  probable  that  they  are  contemporane- 
ous with  each  other,  and  certain  that  thev  are  more  recent  than 
the  terminal  moraine  which  extends  from  the  coteau  to  Mineral 
Ridge  in  Iowa,  thence  northward  to  the  Leaf  hills  in  Minnesota, 
and  from  there  east  and  southeast  to  the  Kettle  Kange  in  Wiscon- 
sin. Professor  Hind  states  that  the  Blue  hills  of  the  Souris  are 
composed  of  drift  derived  chiefly  from  the  Cretaceous  rocks  which 
underlie  that  region,  and  their  height  is  marked  on  his  map  as 
from  50  to  500  feet,  the  valley  that  the  Souris  has  cut  through  the 
range  being  350  feet  high. 

MODIFIED  DRIFT    AND  LOESS. 

When  the  ice-sheet  extended  to  the  Coteau  du  Missouri,  the 
Coteau  des  Prairies,  and  the  Kettle  moraine,  the  floods  formed  by 
its  summer  meltings  were  carried  southward  by  the  present  avenues 
of  drainage,  the  streams  which  occupied  the  areas  between  its  great 
lobes  in  order  from  west  to  Ciist  being  the  I^ig  Sioux,  Mississi])pi^ 
and  Wisconsin  rivers.  The  vast  glaciers  which  were  gathered  u])- 
on  the  Rocky  mountains,  and  the  ice-fields  which  sloped  down- 
wards to  their  termination  at  the  cot(*aus  and  the  moraine  north 
and  east  in  Minnesota  and  Wisconsin,  supplied  every  summer  im- 
mense floods  laden  with  silt,  sand,  and  gravel,  that  had  been  con- 
tained in  the  melting  ice.  Very  extensive  deposits  of  modified 
drift  were  thus  spread  ahmg  the  course  of  the  swollen  Missouri 
and  Mississippi.  The  Orange  sand  and  gravel,  described  by  Prof. 
E.  W.  Hilyard  and  others  in  the  lower  Mississippi  valley,  appear 
to  have  been  deposited  in  this  way,  but  during  the  earlier  glacial 
epoch  when  an  ice-sheet  reached  in  Dakota  beyond  the  Missouri 
river  to  a  termination  40  miles  west  and  20  miles  southwest  of 
Bismarck,t  into  northeastern  Kansas,  half  way  across  the  State  of 
Missouri,  and  nearly  to  the  Ohio  river. 

In  the  closing  stages  of  this  epoch  and  during  the  time  succeed- 
ing till  the  date  of  the  terminal  moraine  of  the  Coteaus  and  especial- 

*8eventh  An.  Rept.  Geol.  aiKl  Nat.  lli.st.  Survey  of  Minn,  for  18T».  p.  12  ;  and  Col.C. 
Whlttlesey'ii  Rcimrt  on  Mineral  Bf^ions  of  Minno.sota,  Is^H)  .pp.  8  ami  44. 

tPlof.  A.  H.  Wiucheirs  Kci)ort  to  Capt.  J.udlow,  on  Gtoh^iy  of  the  Black  i/i/te  of  Dako- 
tOf  1875 ;  pp.  22  and  CO. 
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lyat  the  final  retreat  of  the  ice-sheet  of  this  later  epoch,  the  deposi- 
tion of  the  overlying,  finely  pulverized,  arenaceous  and  calcareous 
silt,  called  the  Bluff  formation  or  Loess,  took  place.  This  covers 
considerable  areas  along  the  Mississippi  from  southeastern  Minne- 
sota to  its  mouth;  but  its  greatest  thickness  and  extent  are  found 
in  the  basin  of  the  Missouri  river  from  southern  Dakota  to  its  junc- 
tion with  the  Mississippi,  and  upon  the  region  crossed  by  the 
Platte  or  Nebraska  river,  its  longest  tributary  from  the  west, 
which  takes  its  headwaters  from  a  large  district  of  the  Rocky 
mountains.  The  continuity  of  this  formation  from  the  borders  of 
the  ice-sheet  and  the  glaciers  of  the  Rocky  mountains  to  the  shores 
of  the  Gulf  of  Mexico,  the  absence  from  it  of  marine  shells,  and 
the  presence  of  land  and  fresh  water  shells,  indicate  that  its  deposi- 
tion was  by  slowly  descending  floods,  uplifted  upon  the  surface  of 
this  sediment  which  was  being  accumulated  during  every  summer 
through  a  long  epoch,  in  the  same  manner  that  alluvium  is  now 
spread  upon  the  bottom  lands  of  our  rivers  at  their  times  of  over- 
flow. The  occurrence  of  the  loess  in  Guthrie,  Carroll,  Sac,  and 
Buena  Vista  counties  in  Iowa,  covering  the  region  next  west  of 
the  terminal  moraine,  with  its  surface  50  feet  above  these  drift 
hills  and  100  feet  above  the  undulating  area  of  till  adjoining  their 
east  side,  proves  that  during  the  time  of  deposition  of  this  part  of 
the  loess  the  ice-sheet  extended  to  this  limit  and  was  a  barrier  pre- 
venting the  waters  by  which  this  sediment  was  brought  from  flow- 
ing over  the  lower  area  of  till  that  reaches  thence  east  to  the  Des 
Moines  river.  When  the  the  ice-sheet  retreated  beyond  the  water- 
shed of  the  Missouri  basin,  the  principal  source  of  these  floods  and 
their  sediment  was  removed,  and  the  subsequent  work  of  the  rivers 
which  cross  the  area  of  the  loess  has  been  to  excavate  their  present 
valleys  or  channels,  bounded  by  bluffs  of  this  formation. 

RECESSION  OF  THE  ICE-SHEET. 

I 

The  departure  of  the  ice-sheet  appears  to  have  taken  place  by 
melting  which  affected  large  areas  of  its  surface,  causing  the  ice  to 
'  disappear  from  wide  districts  without  leaving  upon  them  any  de- 
,  posits  pushed  out  at  its  border  or  accumulated  at  lines  where 
opposing  ice-currents  met.  Anon  a  colder  epoch  causes  the  thick- 
ness and  extent  of  the  ice-fields  to  increase  again,  and  another  ter- 
minal moraine  is  formed  at  its  margin.  In  Minnesota,  Iowa, 
Dakota  and  British  America,  the  first  halt  or  readvance  is  marked 
by  the  inner  morainic  series  which  appears  east  of  the  South 
Saskatchewan;  in  the  east  belt  of  drift-hills  upon  the  Coteaa  of 
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the  Missouri;  and.  as  traced  bv  the  writer,  on  the  Coteau  of  the 
Prairies  from  Grant  county  in  Dakota,  through  southwestern 
Minnesota,  and  at  least  to  the  south  line  of  Palo  Alto  county  in 
Iowa,  and  on  the  east  side  of  this  lobe  of  ice-sheet  from  Rice 
county  in  Minnesota,  southward  through  Waseca,  Steele  and 
Freeborn  counties  in  this  State,  and  Winnebago,  Hancock  and 
Wright  counties  in  Iowa.  This  inner  moraine  is  from  two  to 
twenty-five  miles  distant  from  the  outer  approximately  parallel 
moraine.  The  courses  of  drainage  which  were  now  taken  by  the 
waters  that  flowed  from  the  ice-border  were  nearly  identical  with 
those  of  the  present  time  on  the  east  side  of  the  great  ice-lobe 
which  reached  from  Minnesota  to  central  Iowa.  On  its  west  side 
the  drainage  from  the  Coteau  des  Prairies,  between  the  morainic 
belts,  including  the  sources  of  the  Des  Moines  river  in  Murray 
county,  and  the  waters  of  Heron  lake  and  its  tributaries,  went 
southward  by  the  Little  Sioux  to  the  Missouri  river,  instead  of  go- 
ing southeast,  as  now,  by  the  Des  Moines  to  the  Mississippi.  Thence 
northwest  to  the  British  Possessions,  there  was  an  unobstructed 
descending  slope  southward  from  the  margin  of  the  ice-fields;  but 
a  lake  filled  the  valley  of  the  South  Saskatchewan,  west  of  the  Eye- 
brow Hill  range  and  the  Lumpy  Hill  of  the  Woods,*  because  in 
the  direction  of  descent  of  this  valley  the  ice-sheet  was  a  bar- 
rier. The  outflow  of  this  lake  where  the  ice-sheet  terminated  at 
the  Eyebrow  Hill  range  and  the  inner  morainic  belt  of  the  Co- 
teaus,  was  doubtless  southward  to  the  Missouri. 

Again  a  more  genial  climate  prevails,  and  when  it  is  next  inter- 
rupted by  a  cold  epoch  and  the  formation  of  another  conspicuous 
series  of  drift-hills,  the  outlines  of  the  ice-sheet  are  greatly  chang- 
ed. From  southeast  Dakota  its  border  has  receded  to  the  north 
400  miles,  and  lies  beyond  our  national  boundary  at  the  Blue  Hillis 
of  the  Souris.  The  region  through  which  the  Assiniboine  flows, 
and  the  lower  part  of  that  crossed  by  its  tributary,  the  Qu'Appelle7 
were  still  deeply  covered  by  the  ice  which  probably  terminated 
westward  near  the  Last  Mountain  and  Touchwood  hills,  the  Birch 
hills  and  the  junction  of  the  North  and  South  Sitskatchewan . 
From  central  Iowa  the  ice-front  had  also  retreated  400  miles  to 
the  Mesabi  range  in  northern  Minnesota.  Three-quarters  of  this 
distance  was  the  vast  glacial  tongue  or  lobe  which  stretched  from 
the  Leaf  hills  to  the  vicinitv  of  Des  Moines,  bounded  bv  a  land 
surface  on  the  west  to  the  head  of  the  Big  Sioux  river,  and  on  the 

•Plt»f.  H.  Y.  IliiulS  licf'trt  of  the  Afffinihouic  and  iSafCnUhtivan  Exiiloriny  ExiXili- 
Hon,  ]).  118. 
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east  to  the  Leaf  hills.  During  the  disappearance  of  these  vast 
areas  of  ice,  the  rivers  which  flowed  from  them  were  swollen  to 
floods  like  the  largest  which,  in  exceptional  years,  accompany  the 
sudden  melting  of  the  accumulated  snows  of  winter.  These  last 
only  a  few  days,  but  at  the  departure  of  the  ice-sheet  it  is  evident 
that  such  floods  were  prolonged  through  the  entire  summers  of  a 
long  period  of  years.  The  abundant  deposits  of  drift,  both  strati- 
fied and  unstratified,  that  took  place  during  the  final  melting  of 
the  ice,  has  been  brought  into  due  prominence  by  Prof.  James  D. 
Dana,  who  denominates  this  the  champlain  period.  Much  of  the 
drift  which  had  been  contained  in  the  glacial  sheet  was  now  drop- 
ped without  being  transported  or  assorted  by  water,  and  forms  the 
upper  part  of  the  till.  The  remainder  of  this  drift  was  removed 
by  the  streams  that  descended  from  the  surface  of  the  melting  ice- 
fields, and  its  coarser  portions  were  partly  deposited  in  the  chan- 
nels of  these  glacial  rivers,  walled  upon  each  side  by  ice,  which 
afterward  melted,  leaving  the  ridges  and  mounds  of  interbedded 
gravel  and  sand  called  Kames.  These  are  generally  inconspicuous 
in  Minnesota,  and  from  no  long  series  such  as  have  been  described 
in  the  eastern  States.  The  finer  gravel  and  sand  were  mostly 
borne  beyond  the  ice-margin,  and  were  soon  deposited,  often  with 
a  more  or  less  undulating  surface,  sometimes  forming  swells  or  low 
hills,  but  more  generally  in  nearly  flat  plains  of  considerable  ex- 
tent, sloping  a  few  feet  per  mile  in  the  direction  of  the  currents 
of  the  descending  floods  by  which  they  were  carried.  Such  beds 
of  modified  drift  cover  considerable  portions  of  the  basin  of  the 
upper  Mississippi,  from  Minneapolis  and  Anoka  county  north 
to  the  Northern  Pacific  railroad,  and  to  the  lakes  through  which 
this  river  flows  near  its  source.  Along  this  distance  the  present 
channel  has  been  excavated  from  30  to  75  feet  deep  below  the 
flood-plain  which  was  overspread  during  every  summer  by  tlie 
waters  supplied  by  glacial  melting  in  this  epoch.  The  finest  silt 
and  clay  were  carried  farthest,  being  partly  deposited  in  spaces  of 
nearly  still  water  along  this  upper  valley,  but  also  adding  largely 
to  the  loess  along  the  whole  extent  of  the  river  below. 

Lakes  were  formed  at  many  places  by  this  great  recession  of  the 
ice-sheet,  where  they  have  long  since  disappeared,  either  by  cutting 
their  outlets  so  deep  that  they  were  emptied,  or  by  the  removal  of 
the  ice-sheet  which  during  its  retreat  northward  formed  the  bar- 
rier by  which  they  were  enclosed.  The  most  notable  of  the  first 
class  appears  to  have  occupied  the  valley  of  the  James  river  at 
Jamestown,  until  its  overflows  cut  the  deeply  excavated  channel 
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through  which  this  river  flows  in  southeastern  Lamure  and  Brown 
counties.  During  the  time  of  this  erosion  the  vohinie  of  water 
flowing  hero  was  greatly  augmented  by  glacial  melting,  and  cut  a 
deeper  channel  than  the  present  diminished  river  has  maintained^ 
the  silt  since  brought  down  by  tributaiy  streams  having  formed 
dams  by  which  the  river  is  changed  to  a  series  of  long  shallow 
lakes  in  these  counties.  A  lake  of  the  second  class,  held  by  the 
barrier  of  ice,  covered  the  greater  part  of  the  basin  of  the  Blue 
Earth  river  in  Southern  Minnesota,  gradually  extending  north  from 
the  watershed  at  the  south  side  of  this  basin,  until  the  melting  of  the 
ice-sheet  on  the  area  crossed  bv  the  Minnesota  river  below  Man- 
kato  allowed  drainage  to  take  it«  present  course.  The  extent  of 
this  lake  is  indicated  by  the  very  smooth  and  flat  surface  of  the 
till,  which  is  imperfectly  stratifled  in  many  places,  on  the  greater 
part  of  Faribault,  Blue  Earth,  and  southwestern  Waseca  counties. 
Its  outlet  is  found  in  Kossuth  count v,  Iowa,  at  the  head  of  the 
most  southern  branch  of  the  1^1  ue  Earth  river,  where  Union  slough 
occupies  a  continuous  channel  from  the  headwaters  of  the  iilue 
Earth  to  Buffalo  creek  and  the  East  Fork  of  the  Des  Moines.  It 
is  stated  that  at  time  of  high  water  an  uninterrupted  canoe  voyage 
has  been  made  by  this  route  from  Algona  on  the  East  Des  Moines 
river  north  to  Blue  Earth  ( -ity.  This  glacial  channel  is  about 
eight  miles  long,  extending  in  a  southerly  course  ;  and  its  width 
is  from  one-eighth  to  one-fourth  mile,  with  enclosing  bluffs  which 
rise  steeply  20  to  30  feet  to  the  general  surface  of  moderately  un- 
dulating till  on  each  side.  Its  bottom  along  the  Union  slough, 
where  its  descent  was  southward,  is  now  mainly  occupied  by  a 
marsh,  because  of  the  partial  filling  up  of  its  continuation  since 
the  ice  age. 

During  the  epoch  in  which  the  ice-sheet  was  accumulating  the 
terminal  moraine  of  the  Mesaln  hills  and  the  Blue  Hills  of  the 
Souris  river,  the  lake  in  the  South  Saskatchewan  vallev  remianed, 
held  by  the  ice-barrier  on  the  north  ;  but  it  found  a  lower  outlet 
than  before  at  the  divide  between  the  River  that  Turns  and  the 
Qu'Appelle,  12  miles  southeast  from  the  elbow  of  the  South  Sas- 
katchewan. A  little  farther  east  this  outlet  cut  through  the 
Eyebrow  hill  ridge,  but  its  waters  could  not  follow  the  present  en- 
tire course  of  the  Qu'Appelle,  because  the  region  of  its  lower  portion 
and  of  the  Assiniboine  river  were  still  covered  by  the  ice-sheet. 
By  this  barrier  the  outflow  from  \\\^  Saskatchewan  lake  was  turned 
eonth  into  the  Souris  or  Mouse  river,  probably  by  the  Souris  Fork, 
tributary  to  the  Qu'Appelle  about  75  miles  east,  southeast  from 
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the  head  of  this  river  and  near  the  junction  of  its  North  Fork  from 
Long  lake.  The  Souris  river  was  also  turned  by  the  ice-sheet  in  a 
different  course  from  that  which  it  now  takes.  At  the  time  of 
melting  and  retreat  of  the  ice  from  the  Coteaus,  a  lake  covered  the 
smooth,  low  area  through  which  the  loop  of  this  river  flows  west 
of  the  medial  moraine  of  Turtle  Mountain.  This  at  first  probably 
found  an  outlet  east  by  the  Big  Coule  and  Sheyenne  river  ;  but 
when  the  ice-border  retired  to  its  terminal  line  at  the  Blue  hills,  it 
appears  that  this  lake  was  emptied  by  the  Souris  river,  which  took 
its  course  as  now  north  of  Turtle  Mountain.  It  could  not  con- 
tinue, however,  to  its  present  mouth,  but  was  turned,  probably 
flowing  through  a  lake,  at  the  very  front  of  the  ice-sheet,  and  sent 
its  waters,  including  those  of  the  Saskatchewan  lake,  by  the  avenue 
of  the  Back  Fat  creek  and  lakes,  to  the  Pembina  river.*  A  feature 
which  marks  nearly  every  stream  that  was  thus  the  outlet  of  floods 
:supplied  by  glacial  melting,  after  they  had  been  freed  from  the 
greater  part  of  their  sediment  by  flowing  through  a  lake,  is  that 
the  channel  then  excavated  has  been  since  partially  filled  by  the 
silt  of  its  tributaries,  holding  back  the  waters  of  the  present  rivers, 
in  long,  narrow  and  usually  shallow  lakes.  The  Back  Fat  lakes, 
and  Rock  and  Swan  lakes  on  the  Pembina  river,  illustrate  this  ; 
so,  too.  Lake  Traverse,  Big  Stone  lake  and  Lac  qui  Parle,  in  the 
valley  which  was  the  outlet  of  Lake  Agassiz ;  and,  still  more 
notably,  the  lakes  of  the  Qu'Appelle  river. 

The  description,  map,  and  section  of  the  Qu'Appelle  or  Calling 
river  and  its  bluflFs,  given  in  Professor  Hind's  valuable  report,  show 
that  this  valley  is  quite  uniformly  about  one  mile  wide,  and  is  from 
110  to  350  feet  below  the  general  level  of  the  region  through 
which  it  lies,  this  height  being  reached  by  steep  blufls  on  each  side. 
Its  length,  from  the  elbow  of  the  South  Saskatchewan  to  its  junc- 
tion with  the  Assiniboine  is  268  miles,  the  general  course  being  a 
little  to  the  south  of  east.  Of  this  extent  the  west  end  of  the 
valley  for  12  miles  is  occupied  by  the  River  that  Turns,  and  the 
remainder  by  the  Qu'Appelle,  the  summit  or  height  of  land  in  this 
•channel  at  the  divide  between  these  rivers  being  85  feet  above  the 
South  Saskatchewan,  and  approximately  285  feet  above  the  junc- 
tion of  the  Qu'Appelle  and  Assiniboine  rivers.  The  following 
table  brings  into  view  the  remarkable  topographic  features  of  this 
valley,  which  is  closely  like  that  of  the  Minnesota  river  and  Lake 
Traverse.  Its  alluvial  bottomland  appears  to  be  from  one-half 
mile  to  one  mile  wide,  and  through  it  the  river  flows  in  a  winding 

♦  Hind's  Report,  pp.  118  and  168. 
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coarse,  here  and  there  passing  through  long  lakes.  The  enclosing 
blufis  are  composed  mainly  of  glacialftill,  with  only  a  few  exposures 
of  the  underlying  Cretaceous  rocks  in  this  distance. 

Section  along  the  valley  of  the  Qu'Appelle  River. 


LOCALITY. 


Distances 

in  miles 

(r'ln  mouth 

of  gu'Ap- 

pclle  river. 


Jloath  of  Qu'Appelle  river 

Roandlake 

Crooked  lake 

Pint  FishiiiE  lake 

Second  Flslilng  lake 

Thlzd  Fishing  Take 

Fourth  Fishing  lake 

Lake 

Buffalo  Puund  Hil Make 

Sand  Hill  lake 

Height  of  land 

Ponds  on  the  River  that  TurnN 

Xlbow  of  the  South  Saskatchewan  liver 


41—46 
57-<>2 
108—114 
116—118 
lli^-124 
124—133 
184— 18r> 
194—210 
240— 2-U 
2.'i6 

260— 2C1 
268 


Approxi- 
mate 
heights  in 
feet  above 
the  sea. 


1282 
IMS 
1357 
1422 
1423 
1425 
1426 
1504 
1512 
1552 
1567 
IMO 
1482 


Maximum 

depth  of 

lakes  in 

feet. 


30 

36 

66 

48 

57 

54 
about  15 
about  20 
about  20 


about  10 


Apn)xiniate 

heiglit  of 

bluffs  in 

feet. 


240 

310 
300-320  (1)59) 
300-350(pl44) 

275 

270 

270 

185 

180 
115—150 
110-140 

110 

140 


The  east  part  of  this  valley  and  the  Assiniboine  valley  which  it 
joins  were  excavated  after  the  ice-front  had  receded  from  its  ter- 
minal moraine  at  the  Mesabi  and  Blue  hills,  but  apparently  before 
its  barrier  was  removed  from  the  northeast  end  of  the  glacial  lake 
in  the  Saskatchewan  valley.  The  outflow  of  this  lake,  fed  by  the 
melting  icerfields  of  an  immense  area,  reaching  west  to  the  glaciers 
of  the  Kocky  Mountains,  now  took  its  course  east  by  this  singular, 
troagh-like  channel  or  valley,  occupied  to-day  by  the  River  that 
Tarns  and  the  Qu'Appelle,  entering  the  Assiniboine  at  Fort  EUice, 
and  reaching  the  border  of  Lake  Agassiz  near  the  mouth  of  the  • 
Sonris  river.  The  delta  which  this  stream  brought  into  Lake 
Agassiz  forms  a  large  area  of  sand  hills  and  dunes,  which  extends 
50  miles  along  the  north  side  of  the  Assiniboine  river  next  below 
the  mouth  of  the  Souris.  During  this  time  the  ice-border  lingered 
xipon  the  highlands  of  the  Riding  or  Dauphin  Mountain,  Duck 
Mountain,  Porcupine  hill  and  Pas  Mountain  at  the  west  side  of 
Manitoba,  Dauphin  and  Winnipegosis  lakes. 

Step  by  step  we  have  now  followed  the  departing  ice-sheet  in  its 

retreat  from  the  terminal  moraine  of  the  Leaf  hills  and  the  Coteau 

des  Prairies.     For  a  time  it  had  paused  at  the  lines  of  the  Mesabi 

and  Bluef  hills;  but  when  this  delta  was  accumulated,  it  had  again 

receded  probably  bevond  the  limits  of  Minnesota.    Lake  Agassiz, 
28 
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held  by  this  gl^ial  barrier,  had  gradually  extended  from  the 
height  of  land  in  Traverse  county  at  the  west  side  of  this  state, 
covering  the  flat  valley  of  the  Red  River  of  the  North,  and  reach- 
ing east  at  the  north  side  of  the  state,  beyond  this  basin,  over  a 
considerable  part  of  that  of  the  Lake  of  the  Woods  and  Rainy 
Lake  river.  With  the  farther  recession  of  the  ice,  the  west  shore 
of  this  glacial  lake  was  extended  along  the  great  terrace  which 
had  been  eroded,  probably  before  the  ice  age,  in  the  Cretaceous 
strata,  forming  Pembina,  Riding  and  Duck  mountains.  Por- 
cupine Hill  and  Pas  Mountain.  These  consist  of  drift  at  their 
summits,  and  apparently  to  a  great  depth,  and  they  form,  with 
the  Lake  of  the  Woods  and  Vermilion  lake,  a  dividing  line  be- 
tween a  region  on  the  southwest,  which  is  distinguished  by  very 
thick  drift  deposits,  averaging  from  100  to  200  feet  in  thickness^ 
with  rare  exposures  of  the  older  rocks,  and  a  region  on  the  north- 
east, which  has  a  comparatively  thin  sheet  of  drift,  with  abundant 
outcrops  of  the  bed-rocks.  At  length  the  ice-sheet  was  melted  be- 
tween Lake  Winnipeg  and  Hudson  Bay,  causing  Lake  Agassiz  to 
be  drained  in  that  direction.  At  first,  however,  this  took  place  by 
a  pass  about  90  feet  higher  than  the  present  outlet  of  this  basin  by 
Nelson  river,  as  shown  by  the  well  marked  beach  ridges  at  this 
height  in  the  valley  of  the  Red  River  and  near  Lakes  Winnipeg 
and  Manitoba."^ 

ELEVATIONS. 

The  following  series  of  elevations  have  been  determined  by  rail- 
road surveys  within  the  district  specially  explored  and  described  in 
this  report.  Unless  otherwise  indicated,  they  refer  to  the  track  or 
grade  at  the  depots,  summits  and  depressions  of  the  railroads;  and 
all  are  stated  in  feet  above  the  level  of  the  sea  at  mean  tide.  They 
are  given  as  they  were  received  or  copied  from  the  records  and  pro- 
files of  these  roads,  and  a  comparison  of  their  points  of  intersec- 
tion, and  of  the  determinations  of  the  height  of  rivers,  shows  that 
they  are  all  quite  near  the  truth.  The  limits  of  error  are  appar- 
ently less  than  ten  feet  for  all,  excepting  the  line  west  from  Sa- 
lem in  southeastern  Dakota,  which  is  a  preliminary  survey,  mak- 
ing the  James  river  some  twenty  feet  higher  than  the  two  other 
elevations  of  this  river  at  points  farther  north  require. 

Respecting  the  heights  of  the  terminal  and  medial  moraines, 
which  close  this  list,  it  should  be  borne  in  mind  that  thes^  depos- 

*H.  Y.  Hind's  Report  of  the  AsBinniboine  and  ScLacatchewan  Exploring  ExpedttUm.  pp 
39  and  40. 
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its  Yary  in  their  elevation  with  the  changes  in  the  general  altitude 
of  the  country  which  they  cross.  In  most  cases,  their  height  is 
stated  for  a  considerable  area,  as  one  or  more  counties;  and  their 
least  and  greatest  elevations  usually  refer  to  difiPerent  portions  from 
twenty  to  fifty  miles  apart,  between  which  there  is  commonly  a 
gradual  change  in  height,  the  topography  of  this  region,  excepting 
its  moraines,  being  remarkably  uniform  and  smooth. 

Hastings  dt  Dakota  Division,   Chicago,  Milwaukee  d-  St,  Paul  Railway. 

Copied  from  profiles  in  the  ofilce  of  George  H.  White,  Engineer,  Minneapol  is. 

Distance  in    Height  in  ft. 
miles  from      above  the 
Hastings.  Sea. 

Low  water  in  Mississippi  River  at  Hastings 670. 5 

Hastings  Junction  witn  River  Division 707.5 

Olencoe 74.  1006.5 

Sumter 79.9  1035  .... 

Brownton 84.4  1024  .... 

Stewart 94.1  1064  .... 

Hector 102.4  1081  .... 

Bird  Island 111.6  1089  .... 

OUvia 116.0  1082  .... 

RenviUe 127.2  1064  .... 

Sacred  Heart 134.1  1061  .... 

Hawk  Creek,  water 139.3  96:^  .... 

Hawk  Creek,  bridge 139.3  1017  .... 

Minnesota  Falls 141.2  1041  .... 

OraniteF^lls 143.3  941  .... 

Montivideo 156.6  927 

Chippewa  River,  water 156.8  913 

Watson 162.9  1029  . 

Depression,  grade 167.0  937  . 

Mikn 171.7  995. 

Summit,  grade 177.1  1035  . . 

Appleton 179.8  1007  . 

Pomme  de  Terre  River,  water 180.1  978  . 

Conell 186.9  980  . 

Odessa...* li)4.3  963  . 

OrtonviDe 202.0  990  .. 

Biff  Stone  Lake,  water 962.5 

Lake  Traverse,  water 970 

Milhank  Junction 214.0  1149  .... 

Foot  of  Coteau  des  Prairies 222.0  1294  .... 

Summit  of  Coteau  des  Prairies 2:36-236.5  1993-2003 


Winona  <£•  St,  Peter  Division ,  Chicago  (C Northwestern  Railway. 

From  John  E.  Blunt,  Engineer,  Winona. 

«.      MAIN  LINE. 

Distance  in  Height  in 

miles  from  feet  above 

Winona.         the  Sea. 

Low  water  in  Mississippi  River  at  Winona 639. 9 

Top  of  rail  on  draw  bridge 670.5 

W.mona 0.  649  ... . 


•  •  •  • 


•  • 
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Distances  in 

miles  from 

Winona. 

Minnesota  City 5.9 

Stockton 11.31 

Lewiston 18.30 

Utica 22.74 

St.  Charles 28. a5 

Dover 32.19 

Eyota 36.87 

Chatfield  Junction 37.73 

Plainview  Junction 37.93 

Chester 42.74 

Rochester 49.26 

R.  &N.  M.  R'y  Junction 50.64 

Ohnsted 54 .  22 

Byron 58 . 7 1 

Kasson 63.87 

Dodge  Center 69.22 

Claremont 76.36 

Havana 83.90 

Owatonna 88. 17 

Meriden 96.35 

Waseca 102. 63 

JanesvilJe 112.91 

Ea^le  Lake 122.56 

M^ikato  Junction 127. 99 

Mankato 131.00 

Kasota 133.80 

Minnesota  River  bridge 135. 00 

Minnesota  River,  low  and  high  water 135.00 

Saint  Peter 136.19 

Oshawa 146.29 

NicoUet 150 .  88 

Courtlond 158.56 

Minnesota  River  bridge 162.50 

Minnesota  River,  hign  water 162.50 

New  Uhn ,  165. 31 

Siding 169.00 

Sleepy  Eve : 179.72 

Redwood  Falls 

Springfield 193.18 

Sanborn 201.56 

Lamberton 208. 77 

Walnut  Grove .• 218.98 

Tracy 226 .  55 

Amiret 233.65 

Marshall 248.85 

Grand  View 250.75 

Minneota 256.52 

Canby 274.03 

Gary 284.62 

Altamont 297.88 

Goodwin 305.90 

Kranzburg 309.53 

Watertown 319.10 

Sioux  River,  water 320.00 

Lake  Kampeska,  water 322.00 


Height  in 

aoove 

the  tea. 

676  . 

753  . 
1211  . 
1170  . 
1139  . 
1138  . 
1237  . 
1275.. 
1275  . 
1122  . 

991  . 

999  . 
1054  . 
1250  . 
1252  . 
1288  . 
1280  . 
1246  . 
1144  . 
1149  . 
1153  . 
1063  . 
1012  . 

906  . 

781  . 

804  . 

791  . 

733-745 

812 

982 

980 

9:36 

821 

807 

837 

994 
1034 
1028 
1025 
1089 
1144 
1223 
14013 
1283 
1174 
1173 
1179 
1243 
1484 
1834 
1996 
1982 
1733 
1709 
1714 


h,      BBANCH  TO  CHATFIELD. 


Chatfield  Junction 


37.73        1275  .. 
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34' 


Summit,  grade. 
Chatfield: 


Distances  in    Height  in 

miles  from    feet  above 

Winona.       tike  Sea. 


40.75 

48.87 


1295 
976 


C.      BRANCH  TO  PLAIN  VIEW 


Plainview  Junction 37.93  1275 

Doty 40. 00  1310 

Viola 43.00  1129 

Whitewater  Creek 47.00  1055 

Elgin 48.17  1069 

Plainview 52.^3  1167 


d.      BBANCH  TO  ZUMBROTA. 


R.  &  N.  M.  Junction 50.64  999 

DouglasH 58. .35  1091 

Znmbro  River 60.25  966 

Zombro  bridge 60.25  986 

Oronoco 61.72  1041 

Zumbro  River 65.20  984 

Zumbro  bridge 65.20  993 

Pine  Island 65.86  ^^8 

Lena 70.66  1073 

Forest  Milb 73.14  102:3 

Zumbrote 74.56  971 


e.      DAKOTA  CENTRAL  RAILWAY. 


Tracy 226.55  1403 

Balaton : 2:39.55  1528 

Redwood  River 246.60  1592 

Redwood  bridge 246.60  16:31 

Tyler 2r>:3.70  1750 

Lake  Benton 261 .50  1759 

Verdi 267.6  1771 

Elkton 274.3  1851 

Aurora 285.1  16:W 

Summit,  grade 288.9  1683 

Brookings 290.8  16:36 

Sioux  River 296.4  1596 

Sioux  bridge 296.4  1607 

Volga 297.4  16:36 

Noidland :308.3  1846 

Lake  Preston 317.3  1696 

De  Smet 329.6  1726 

Summit,  grade :3:31 .4  1767 

Fairview . . .  ^ :^ .  3  1542 

Iroquis :344.8  1401 

Gavour 354.0  1311 

James  River :i61 .8  1228 

James  bridge :361 . 8  1270 

Huron :362.9  1285 

Huron  Junction :366.9  1312 

Pierre 482.0  14:38 

Missouri  river 482.0  1424 
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4 

Southern  Minnesota  Division;    Chicago,  Milwaukee  d;  St.  Paul  Railway. 
From  Oeoroe  B.  Woodworth,  Assistant  Engineer,  La  Crosse. 

a.      MAIN   LINE. 


Low  water  in  Mississippi  River  at  La  Crosse 

Junction  with  River  Division,  west  of  bridge 

La  Crescent 

C.  C.  D.  &  M.  Junction 

Root  River  bridge 

Hokah 

Root  River  bridge 

Mound  Prairie 

Root  River  bridge 

Houston 

Root  River  bridge 

Money  Creek 

Rushford 

Peterson 

Whalan 

Root  River  bridj^e 

Root  River  bridge 

Lanesboro 

Root  River  bridge 

Isinour's 

Fountain ." 

Depression,  grade 

Summit,  grade 

Wykoff 

Summit,  grade 

Spring  V^ey 

Summit,  grad^ 

Grand  Meadow : 

Depression,  grade 

Dexter 

Brownsdale 

Cedar  rivier,  water 

Ramsey^  crossing  Minnesota  Div.  of  C.  M.  &  St.  P.  Ry. 

Depression,  graae 

Oakland 

Summit,  grade 

Depression,  grade 

Hay  ward 

Summit,  grade 

Depression,  grade 

Albert  Lea 

B.,  C,  R.  &  N.  crossing 

Summit,  grade 

Armstrong 

Summit,  grade '. 

Alden 

Dood's  Switch 

Wells 

Junction  of  Mankato  branch 

Easton 

Summit,  grade 1 

Delevan 

Depression,  grade 

Crossing  branch  of  St.  P.  &  S.  C.  R.  R.  Co 

Winnebago  City 


Distances  in 

Heiglit  in 
feet  above 

miles  from 

La  Crosse. 

the  Sea. 

626.3 

0 

653  .... 

0.7 

647  .... 

3.0 

641   .... 

4.2 

648  .... 

6.2 

649  .... 

11.0 

663  .... 

12.2 

660  .... 

14.0 

669  .... 

•     18.7 

679  .... 

22.8 

703  .... 

23.2 

699  .... 

29.9 

722  .... 

34.5 

756  .... 

.  43.4 

786  .... 

46.0 

801   .... 

47.5 

824  .... 

48.0 

841  .... 

51.7 

873  .... 

53.6 

o9»7   .  • . . 

59.3 

1302  .... 

60.6 

1259  .... 

64.7 

1330  .... 

66.5 

1310  .... 

68.5 

1367  .... 

73.6 

1266  .... 

80.1 

1358  .... 

83.0 

1338  .... 

85.2 

1317  .... 

89.8 

1412  .... 

98.0 

1271  .... 

102.9 

1192  .... 

103.1 

1214  .... 

107.7 

1197  .... 

109.9 

1265  .... 

113.8 

1270  .... 

117.6 

1241  .... 

118.0 

1248  .... 

121.5 

1268  .... 

124.2 

1206  .... 

124.6 

1221  .... 

124.7 

1220  .... 

128.9 

1823  .... 

129.8 

1270  .... 

133.5  • 

1317  .... 

135.2 

1261  .... 

139.7 

1189  .... 

144.4 

1153  .... 

144.7 

1145  .... 

153.3 

1046  .... 

157.1 

1077  .... 

159.2 

1067  .... 

159.5 

1047  .... 

166.1 

109a  .... 

166.3 

1096  .... 

•   •    •    • 
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Distances  in  Height  in- 

miles  from  feet  abdve 

La  Crosse.  the  sea. 

Blue  Earth  river,  water 168.4  1014  .... 

Fairmont 18:3  1176  .... 

Sherburne 197.5  1273  .... 

Top  of  bluff  at  junction  of  branch  to  Jadcson  depot 209 . 1  1446 

Des  Moines  river,  water 211 .8  1288 

Des  Moines  river  bridge 211 .8  i:i!>3 

Summit,  grade 216.6  1317  .... 

Lakefidd 220.6  1463  .... 

Okabena 229.1  1410  .... 

CroMing  St.  P.  &  S.  C.  R.  R 232.2  1414 

De  Forest 2:39.5  1446 

Fulda 246.1  1508 

lona 255.6  1608 

Summit,  grade 259.4  1705 

Entering  Chanaraiubie  valley,  grade 264. 0  16:34 

Chanarambie  creek,  water  at  last  crossing 274.5  1521 

Edgerton 276.0  1550 

Rock  river 279.0  1552 

Hatfield 283 . 0  1662 

Highest  point  on  road 285.5  1744 

Pipestone  city 289.0  1693 

Pipestone  creek,  water 293.0  1577 

Airlie 295.5  1629 

Flandreau :30:3.6  1550 

Big  Sioux  river,  water 306.1  1495 

Egan 30^.0  1510 

Sioux  FallH  Junction :309.9  1496 

Summit,  grade 315.0  1695 

Summit,  grade 328.5  1705 

Summit,  grade 330. b  1691 

Madison  L«ake,  2  mi.  S.  of  last 1576 

New  Madison :332.6  1646 

Herman 335.0  1654 

Lake  Herman 1646 

Summit  of  hills,  approximately 342. 0  1825 

Top  of  bluff '. 342.2  1732 

Eak  Vermibon  River,  water 344.1  1607 

Top  of  bluff 345.5  1694 

Top  of  bluff 352.3  1583 

West  Vermilion  River,  water ^54.0  1518 

Top  of  bluff 360.6  1404 

Rock  Creek,  water :360.9  1:367 

Top  of  bank 36 1 . 5  1 392 

Little  Jim  Flats :370.6  1293 

Top  of  bluff 381 . 3  1266 

James  River,  water 38:3.0  1195 

Prairie  west  of  James  River 388.0  1260 

6.     BUANCH  TO  MANKATO. 

Junction  near  Wells 144.7  1145 

Minnesota  Lake 153.0  10:38 

Mapleton 161.4  1031 

Maple  River,  water 168.5  9.35 

Oood  Thunder 169.3  974 

Rapidan 175.6  979 

Le  Sueur  River,  water 177.9  772 

Le  Sueur  River,  bridge, 177.9  825 

Crossing  St.  P.  &  S.  C.  R.  R 181.3  795 


•  •  •  • 
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Distances  in  Height  in 

miles  from  feet  above 
La  Crosse.      the  sea. 

Mankato 182.5         770  .... 

Minnesota  River,  water . .  ^ 748 


C.      RBANCH  TO  SIOUX  FALLS. 

Sioux  Falls  Junction 309.9  1496 

Big  Sioux  River,  water,  second  crossing 310. 7  1479 

Big  Sioux  River,  water,  third  crossing 315.8  1461 

Dell  Rapids 322.7  1467 

Big  Sioux  River,  water,  fourth  crossing 323.0  1452 

Top  of  hill  above  Sioux  FaUs 340.5  1404 

Sioux  FaUs 341.6  1375 

Big  Sioux  River,  water 341 .7  1355 


Iowa  dt  Dakota  Division,  Chicago,  Milwaukee  dt  St,  Paul  Railway, 

Copied  from  profiles  in  the  office  of  George  H.  White,  Engineer,  Minneapolis. 

Distances  in  Height  in 

miles  from  feet  above 
N.  McGregor,     tne  Sea. 

Low  and  high  water  in  Mississippi  River  at  McGregor 615.9-634 

North  McGregor 0             633  . 

Monona 14.07  1221  . 

Luana 17.90  1132  . 

Postville 24.49  1207  . 

Castalia 30.64  1257  . 

Ossian 35.70  1281  . 

Calmar 42.04  1269  . 

Summit,  grade 42.90  1300  . 

Conover 45.26  1247  . 

Cresco 60.80  1312  . 

Lime  Springs 71.78  1258  . 

Chester 76.41  1244  . 

Le  Roy '. 84.25  1298  . 

Decorah 53.90       900  . 

Turkey  River,  water 47.39  1002  . 

FortAtkinson , 47.73  1023  . 

New  Hampton 69.06  1166  . 

Middle  Wapsipinicon  River,  water 72. 84  1061  . 

Chickasaw 76.66  1148  . 

Crossing  C.  V.  R.  R 88 .  15  1020  . 

CharlesCity 88.53  1012  . 

Cedar  River,  water 89.65       995  . 

Shell  Rock  River,  water 106.45  lOaS  . 

Shell  Rock  River,  bridge 106.45  1053  . 

Lime  Creek,  water 112.55  1052  . 

Lime  Creek,  bridge 112.55  1071  . 

Mason  City,  depot  and  crossing,  R.  R 115.90  1130  . 

Clear  Lake,  depot 125.67  1237  . 

Summit,grade 131.56  1272  . 

Gamer 135.20  1227  . 

East  Fork  of  Iowa  River,  water 137.91  1200  . 

Crossing,  M.  &  St.  L.  Ry 146.19  1210  . 

Britt 147.19  1232  . 

Summit,  grade 155.09  1269  . 

Wesley 156.87  1254  . 

Near  Algona  (0  of  line  west) 168.19  1191  . 
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Iowa  Division^  Illinois  Central  Railroad, 

From  GAyN'ETT'8  List  of  Elevations,  fourth  edition. 

Heights  in 

feet  above 

the  Sea. 

Fairfield  Junction ^ 1131 

Manchester 933 

Winthrop 1080 

Indepenaence 924 

Waterloo,  Cedar  River 864 

Acklej; 1141 

Summit  between  Cedar  and  Iowa  rivers 1221 

Iowa  FaUs,  Iowa  River 1071 

Alden. 1165 

Summit  between  Iowa  River  and  its  South  Fork 1204 

South  Fork  of  Iowa  River 1159 

Blainaburg 1230 

Summit  between  Iowa  and  Boone  Rivers 1260 

Webster  City 1 039 

Dnnoomb 1111 

Summit  between  Boone  and  Des  Moines  rivers 1171 

Fort  Dodge 1001 

Summit  between  Deft  Moines  and  Raccoon  rivers 1330 

Raccoon  River 1279 

Summit  between  Raccoon  and  Little  Sioux  rivers 1519 

Cherokee,  Little  Sioux  River 1176 

Summit  between  Little  Sioux  and  Floyd  rivers 1488 

Floyd  River 1 166 

Chicago  db  Northweateni  Raihoay^  in  Iowa, 

From  Gannett'h  List  of  Elevations. 

Marshalltown 905 

State  Center 1093 

Nevada 1024 

Ames 94:3 

Boone 1162 

Moingona,  bridge  over  Des  Moines  River 914 

Moingona.  low  water  of  Des  Moines  River 877 

Ogden 1116 

Beaver 1048 

Grand  Junction 1062 

Jeflferwn 1078 

Raccoon  River 1004 

Olidden 12:« 

Carroll :••.••.••. •. 1247 

Arcadia,  on  divide  between  the  Mississippi  and  MLssouri  rivers 1446 

Divide,  natural  ground 1468 

Deni8on 1199 

Council  Blufe 1007 

Minneapolis  d-  St,  Louis  Railway. 

From  ROBKRT  Anhht,  Assistant  Enffineor,  Minneapolis. 

Distance  in     Height  In 

miles  from     feet  above 

Minneapolis,    the  Sea. 

Minneapolis 0.  825  .... 

Hopkins 8.7  919  .... 


352  jlSKTjal  bepobt. 

Distances  in    Height  in 

miles  from  feet  above 
Minneapolis,     the  sea. 

Eden  Prairie 15.2  882  . 

Summit,  grade 18.7  875  . 

Chaska 22.7  725  . 

Carver 24.7  719  . 

Low  water  in  Minnesota  Riw '. * 24.7  689  . 

Merriam  Junction,  St.  P.  &  S.  City  R.  R 27.2  753  . 

Jordan 32.3  756  . 

Helena 86.3  886  . 

New  Prague .^ 42.6  973  . 

Montgomery f, 50.0  1063  . 

Mulford's  Siding 54.6  1060  . 

Kilkenny 58.6  1056  . 

WatervUle 65.4  1008  . 

Iosco 69.7  1146  . 

Waseca 76.2  1151  . 

New  Richland 88.7  1178  . 

Hartland 94.9  1247  . 

Manchester 100.9  1258. 

Albert  Lea 108.0  1224  . 

Twin  Lakes 115.0  1255  . 

Norman 121.4  1279  . 

Lake  Mills 127.2  1264  . 

Benson's  Grove 136.0  1216  . 

ForestCity 141.7  1220  . 

Crossing  C.,  M.  &  St.  P.  R'y 155.5  1207  . 

Britt 156.3  1230  . 

Corinth 167.0  1180  . 

Livermore 181.6  1135  . 

Humboldt 192.0  1089  . 

Fort  Dodge,  upper  depot 210.0  1120  . 


St,  Paul  dt  Sioux  City  Division,  Chicago,  St.  P.,  Minneapolis  <t  Omaha  R'y, 

Ck>pied  from  profiles  in  the  office  of  T.  P.  Gbrb,  Superintendent,  and  H.  S.  Tbbhsrnb, 

Assistant  Engineer,  St.  Paul. 


a.      UATS  LINE. 


Distance  in    Height  in 
miles  from    feet  above 


St  Paul.  the  Sea. 

Saint  Paul 0.  698.4 

Mendota 5.5  718  . 

Nicols.... 9.9  706  . 

Hamilton 17.7  714  . 

Eagle  Creek,  bridge 19.7    •  708  . 

Bloomington  21.2  738  . 

Shakopee 26.8  741  . 

Sunmiit,  grade 32.6  764  . 

Brentwood 38.0  749  . 

Summit,  grade 40.0  763  . 

BellePlaine 45.6  725  . 

High  water  in  Minnesota  River  here • 45.6  718  . 

Blakeley 49.9  728  . 

East  Henderson 56.8  734  . 

Le  Sueur 61.5  753  . 

High  water  in  Minnesota  River  here 61 ,5  735  . 

Ottawa 67.6  790  . 

East  Saint  Peter 73.4  748  . 

Kasota  Junction 75.9  800  . 
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/ 

Distances  in  Height  in 

miles  from  feet  above 

St.  Paul.  the  sea. 

Summit,  grade ,.••  '''^•^  ^^ 

Mankato 84.0  791  .... 

Blue  Earth  River,  low  and  high  water 86.2  756-774 

Blue  Earth  River,  bridge 86.2  795  .... 

South  Bend 87.6  808  .... 

Minneoi)a  bridge,  68  feet  above  water 89.2  86^5 

Minneopa 89.4  871  

Summit  Grade 95.6  992  .... 

Lake  Crystal 97.3  994  ... . 

Summit,  gra<lo 102.2  1009  .... 

Iceland 104.1  998  .... 

Medalia 109.0  1021   .... 

Watonwan  River,  wat*?r 110. 5  979 

Lincohi 116.4  1042  .... 

Saint  James 121 .6  1073  .... 

Butterfidd 130.1  1184  .... 

Mountain  Lake 137.0  1300  .... 

Bingham  Liiko 14:^.2  1420  .... 

Summit,  grade 144. 1  1437 

Windom 147 . 8  1351^  .... 

Des  Moines  River,  water 148. 1  1331  

BluffSiding 149.7  1425  .... 

Wilder 154.0  1448  .... 

Heron  Lake,  water 159.0-159.5  140.'? 

Heron  Lake,  depot 160.3  1417  .... 

HerseyC Brewster) 170.0  1485  .... 

Elk  Creek,  water 171 .5  1473  .... 

Summit,  grade 178.2  1588  .... 

Worthincton 178.4  1582  .... 

East  Okaoena  Lake,  water 178 .5  1569 

Junction  of  Sioux  Falls  Branch 181.8  163:^  .... 

Summit,  gnide 182.3  1654  .... 

Summit,  grade 184.6  1656 

Bigelow 187.8  1631  .... 

State  line 188.3  164^^  .... 

Summit,  grade,  1647;  surface 188.9  1653  .... 

Sibley 195.9  1509  .... 

St.  Gilman 202.4  1442  .... 

Sheldon 212.1  1406  .... 

Hospers 220.1  13:38  ..  . 

Eaat Orange 228.5  1302  .... 

Seney 2:39.7  1221  .... 

Le  Mars 244.2  1221  .... 

Floyd  River,  here 244.2  1197  .... 

SiouxCity 270.0  1122  .... 


h,      WOODSTOCK    BRANCH. 

Heron  Lake,  junction 160.3  1417  .... 

Dundee 168.4  1443  .... 

Avoca 180.1  153:J  .... 

Two  summits,  grade 201 .1-201.9  1850-1^49^ 

Murray  and  Kpestone  county  line,  grade 202.5  18:^9 

Woodstock 204.3  1x22  .... 

Rock  River,  water 208.3  1645  

Summit 211.5  17^5  .... 

Pipestone  City 215.4  1715 

Big  Sioux  River  at  Flandreau... 230.8  1501 

Prairie,  4  miles  further  west 235.0  1662 
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C.      SIOUX  FALLS  BBANCH. 

Distances  In 
mnes  from 

^  St.  Paul. 

Junction 181 .8 

Summit,  grade 184.5 

Little  Rock  River,  water 187.4 

Little  Rock  River,  bridge 187.4 

Rushmore 190. 1 

Adrian 196.9 

Eanaranza  Creek,  water 198.0 

Kanaranza  Creek,  bridge 198. 0 

Sunmiit,  grade 199.5 

Drake 203.7 

Elk  Slough,  grade 206 . 2 

Summit,  grs^e 207. 1 

Rock  River,  water 210.3 

Luverne 211 . 1 

Summit,  grade 216. 1 

Beaver  Creek,  depot 219.3 

Beaver  Creek,  water 219.8 

State  line 224.4 

Valley  Springs 225.2 

Big  Sioux  River,  low  and  high  water 232.4 

Big  Sioux  River,  bridge 232.4 

Terrace,  south  of  river 234.4 

Sioux  Falls 240.2 

Big  Sioux  River,  low  and  high  water 240.4 

Summit,  grade 241 .6 

Big  Sioux  River,  water 243.4 

Skunk  Creek,  water.  Sec.  31,  T.  102,  R.  50 250.0 

Skunk  Creek,  bridge 250.0 

Hartford  Siding,  Sec.  22,  T.  102,  R.  51 254.4 

Summit,  grade.  Sec.  9,  T.  102.  R.  52 261.2 

East  Vermilion  River,  water.  Sec.  27,  T.  103,  R.  53. . .  268.0 

East  Vermilion  River,  bridge > 268.0 

Montrose  Siding,  close  west  of  last 268.3 

West  branch  of  E.  Vermilian  River,  water,  at  S.  W. 

comer  of  Sec.  15,  T.  103,  R.  53 269.5 

Bridge  here 269.5 

Summit,  grade 275.9 

Salem,  Sec.  13.  T.  103,  R.  55 279.5 

West  Vermilion  River,  watar.  Sec.  15,  T.  103,  R.  55. .  281 .0 

Wolf  Creek,  water.  Sec.  20,  T.  104,  R.  56 290.6 

Fawn  Lake,  water,  T.  105,  R.  58 303.5 

Stony  Creek,  water,  Sec.  25,  T.  106,  R.  60.  ...••".. .  313.0 

James  River,  water.  Sec.  12,  T,  106,  R.  61 320.2 

Prairie,  5  miles  west  of  last 325.0 


Height  in 

feet  above 

the  sea. 

1633  . 

1691  . 
1629  . 
1649  . 
1665  . 
1538  . 
1499  . 
1511  . 
1569  . 

1516  . 
1469  . 
1515  . 
1423  . 
1451  . 
1543  . 
144:3  . 
1385  . 
1383  . 
1392  . 
1281-1302 
1307  . 
1363  . 
1394  . 
13^1-13- 
1471  . 
1403  . 
1449  . 
1465  . 
1561  . 

1692  . 
1455  . 
1469  . 
1471  . 

1468  . 
1480  . 
15»6  . 

1517  . 
1457  . 
1370  . 
1320  . 
1253  . 
1212  . 
1276  . 


d,     FROM  LUVERNE  TO  DOON. 


Luverne 211 . 1 

Ash  Creek  depot 218.7 

State  Une 221 . 6 

Rock  Rapids 226.5 

Rock  River,  low  and  high  water 231 .0 

Doon 238.9 

Bock  River  at  S.  line  of  Lyon  county,  Iowa,  low  and 

high  water 240.2 


1451  .... 
1396  .... 
1374  .... 

K^J^wfm       •  •  •  • 

1296-1311 
1282  .... 

1248-1266 
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Eleraiion  of  the  Terminal  and  Medial  Moraines  in  Minnesota,  Iowa,  and 

Dakota, 

a,      FROM   BECKER  SOUTH  TO  FREEBORN  COUNTY. 

Height  in 

feet  above 

the  Se& 

At  White  Earth  Agencv 1600  . .  .*. 

East  of  Detroit 1450-1500 

East  of  Lake  lida 1425 

East  of  Fergras  Falls 1300  .... 

Leaf  hills 1400-1750 

At  Glenwood 1250-1800 

Bine  Mounds 1250-L'WO 

In  Meeker  and  Wright  counties 1225-1000 

In  Hennepin  and  Scott  countietj 950-1050 

In  Le  Sueur  and  Rice  counties 1050-1150 

In  Waseca  county 1100-1200 

In  Steele  county 1150-1:^50 

In  Freeborn  countv.  eastern  Moraine 1275-11300 

Western  or  inner  Moraine  in  this  county 1300-1:^75 

Kiester  hills,  Faribault  county 1300-1400 

Medial  Moraine,  northwest  to  Delevan 1300-1100 


6.      IN   IOWA. 

In  Worth  and  Winnebago  counties 1250-1350 

Pilot  Mound,  Hancock  county,  about 1425 

Medial  Moraine,  northwest  to^  Fairmont,  Minn 1325-1225 

Medial  Moraine,  west  to  Lake  George 1250-1300 

In  Wriffht  and  Franklin  counties 1350-1200 

In  Hardin  and  Hamilton  counties 1250-1 150 

Mineral  ridge,  in  northern  Boone  county,  about 1200 

In  Guthrie  and  Carroll  counties 1200-1325 

In  Sac  and  Buena  Vista  counties 1275-1500 

In  Palo  Alto,  Clay,  Emmett  and  Dickinson  coimties 1300-1600 

Siririt  Lake,  about  1400;  hills  west  of  do 1475-1525 

In  northeastern  Osceola  county 1550-1675 


C,      THE  COTEAU  DE8  PRAIRIES. 

1.    The  Ekittcm  or  Inner  Moraine, 

In  Jackson  county 1450-1475 

Blue  Mounds,  Cottonwooil  county 1450-1525 

In  Murray  and  Lvon  counties. 1500-1600 

In  Lincoln  and  Yellow  Medicine  counties,  and  onward  in  Dakota. .  1500-1 650 

Antelope  Hills  range 1250-1300 

2.    The  Western  or  Outer  Moraine. 

In  Kobles  county 1650-1750 

In  Murray  county 1750-1900 

In  northeastem  Pipestone  county 1850-1900 

In  Bouihwestem  Lincoln  coimty 1900  1960 

In  Dakota,  from  the  west  line  of  Lincoln  county  to  the  head  of  the 

Coieau  des  Prairies 1900-2050 
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d,      XEDIAL  SfOBAINE. 

Height  in 

feet  above 

the  8ea. 

Northward  to  Devil's  Lake  and  Turtle  Mountain,  mostly 1400-1600 

Devil's  Lake  (Nicollet) 1476  .... 

Mini-wakan-chante,  lull,  south  of  do.  (Nicollet) 1 766 

Turtle  Mountain  (Dawson's  map) 2150 

Turtle  Mountain  (U.  S.  By.  Com.  profile) 2000-2584 


€.      TERMINAL  MORAINE  FROM  THE   HEAD  OF  THE  COTEAU   DBS  PRAIRIES  TO 

THE  COTEAU  DU  MISSOURI. 

Li  Codington,  Hamlin,  Brookings  and  Lake  counties 1800-1900 

/.      THE  COTEAU  DU  MISSOURI. 

Through  central  Dakota 1800-2200 

At  the  north  line  of  the  United  States 2000-2200 
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X. 


CHEMISTRY 


ANALYSIS    BY    PBOF.    DODGE. 


MnsriTEAPOLis,  Dec.  14, 1880. 
Prof.  Winchbll — 

• 

Dear  Sir: — I  hand  you,  at  length,  results  of  analysis  of  the 
substance  *  you  left  with  me  at  the  chemical  laboratory  about  two 
months  since — the  lime-clay  material  stated  to  have  character  of  a 
cement. 

Hoping  tnat  the  results  I  communicate  may  not  come  too  late 
to  be  of  any  service,  I  remain, 

Very  truly  yours, 

James  A.  Dodge. 


Mineral  powdered,  dried  at  100  ®c.,  digested  with  dil.  Hcl.: — 

Dissolved  by  Ucl 55.1p. 

Residue 46.9 


100.0 
Analysis  of  portion  dissolved  by  Hcl.: — 

C  O2 41.06p  21.8p.  of  entire  mineral. 

SiOj 0.98  0.52 


AI2  O3 traces 

PeaOa 6.78  3.6 

CaO 49.53  26.3 

MgO 1.51   0.8 

K2  0 traces 

Na2  0 traces 


Li  ik 

k(  ii 

ii  fck 


99.86p  53.02p 


*Thifl  subftance  is  a  clay  from  the  Red  river  Talley,  near  Grand  Forks,  Dakota. 
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Analysis  of  portion  undissolved  by  HcL:  Boiled  with  solution  of 
carb.  of  soda,  gave  only  slight  traces  of  Si.  O2.  Fused  with 
carb.  soda-potass.,  gave: 

Si  O2 61.69p 28.93p.  of  entire  mineral 

Ala  O3 29.93  14.04 

Fe2  O3 ».»9  1.91 

Ca  0  traces 

MgO 0.98   0.46 

K2  0 traces 

Na2  0   traces 

98.59p  46.24p 
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XI. 
ORNITHOLOGY 


(report  of  dr.  p.  l.  hatch.) 


Prof.  N.  H.  Winchell — 

Sir: — The  present  year  hjis  miide  no  signal  additions  to  the 
number  of  species  of  birds  found  to  belong  in  the  State.  Explora- 
tions have  been  made  over  considerable  sections  hitherto  unno- 
ticed, and  more  critically  over  those  somewhat  familiar  to  me  in 
the  past,  which  have  been  rewarded  by  much  desirable  information, 
but  without  any  discoveries  of  new  forms,  except  in  finding  some 
accidental  stragglers  from  well-known  habitats,  as  in  the  case  of 
the  cinnamon  teal,  QKerf/nedula  cyanoptera  (Viriell),  Cdinain, 
found  at  Bigstone  lake,  on  the  western  border  of  the  State.  It  is 
highly  probable  that  very  little  remains  to  be  dime  in  the  work  of 
identification.  There  can  be  no  doubt  that  occasionally  a  species 
will  yet  be  added  from  those  known  tt)  visit  the  same  latitudes  in 
contiguous  territories,  or  even  from  more  remote  localities.  Sev- 
eral such  have  recently  been  added  to  the  lists  of  such  old  states 
as  Maine,  Massachusetts  and  Ohio.  Indeed  several  that  are  new 
to  science  have  recently  been  collected  and  described  by  competent 
and  reliable  omothologists,  resident  in  those  states,  which  multi- 
plies the  probabilities  that  such  will  be  the  cjise  here,  yet  this  does 
not  affect  the  conclusion  that  the  list  for  Minnesota  is  about  full. 
Entertaining  this  view,  while  employing  the  utmost  vigilance  to 
let  none  escape  my  notice,  I  have  devoted  my  attention  princi- 
pally to  the  local  habits,  relative  numbers  and  migrations  of  those 
already  identified.     I  desire  in  this  way  to  make  the  history  of  the 
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birds  of  Minnesota,  when  completed,  of  the  most  value  to  the  ends 
for  which  this  subdivision  of  the  State  natural  history  survey  was 
instituted.  I  find  it  no  small  undertaking  to  ascertain  the  average 
distribution  of  species  on  so  wide  a  domain,  considerable  of  which 
is  remote  and  some  of  which  is  extremely  difficult  to  explore  after 
access  has  been  attained. 

T  understand  better  than  I  did  once,  why  so  few  competent  nat- 
uralists have  undertaken  the  life-histories  of  birds  in  the  interest 
of  agriculture.  To  follow  a  single  species  from  the  time  of  its  ar- 
rival until  its  departure,  and  record  its  habits  of  migration,  feed- 
ing through  all  the  months,  nesting,  rearing  and  protecting  its 
young,  seems  to  be  task  enough  for  the  spare  h#urs  of  any  one  in- 
dividual, but  what  of  it  when  instead  of  one  we  have  nearly  three 
hundred.  While,  however,  I  am  doing  this  with  the  assistance  of 
all  reliable  aid  which  I  can  enlist,  there  is  an  increasing  demand 
for  a  correct  list  north  for  the  use  of  collectors  and  for  scientific 
purposes  in  the  other  states  and  foreign  countries,  which  I  have 
now  completed  and  herewith  place  in  your  hands  for  publication, 
if  it  shall  meet  your  approval. 

Yours  very  respectfully, 

P.  L.  Hatch. 
Minneapolis,  October  21,  1880. 
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A  List  of  the  Birds  of  Minnesota, 


BY  DR.  P.  L.  HATCH,  OF  MINNEAPOLIS. 


This  list  was  in  the  hands  of  the  printer  long  since,  when  a  disastrous  confla- 
gration destroyed  it,  and  it  has  been  impossible  to  give  its  re- writing  the  meas- 
ure of  carefulness  which  the  first  manuscript  received.  If  errors  shall  have 
crept  in  I  believe  they  will  be  found  to  ))e  unimportant.  Although  unfortunate- 
ly delayed  by  the  circumstance  mentioned,  1  have  fulfilled  my  purpose  and  my 
promise  to  the  many  who  have  been  callitig  on  me  for  it  so  long  and  so  compli* 
mentarily. 

1.  Turdua  xnifirratoriiis — Robin — common  over  the  State. 

2.  T.  muBtelinuB— Wood  Tukush — common  for  the  species. 

3.  T.  pcdlasii — Hermit  Thrush — proportionately  represented. 

4.  T.  Bwainsoni — Swainson's  Thrush — common,  and  the  variety  AlicisB 

said  to  have  been  obtiiined. 

5.  T.  ftisoesoens— Wilson's  Thrush — not  as  fre<iuently  seen,  perhaps. 

as  the  last. 

6.  •M'^imia  oaroIineDSis — Ca third — exceedingly  conunon. 

7.  Harporh3niohu8  rufus — Brownthreshr — very  common. 

8.  Sialia  sieJis — Bluebird — not  less  common  than  last. 

9.  SiaJia  mexioana— Western  Bluebird — only  one  seen — Red  River. 

10.  Recrulua   oalendulus — Ruby-crowned    Kincjlet — common  in  mi- 

gration associated  with  Satrapa. 

11.  Regrulus  satrapa— less  frequently  seen  in  migration. 

12.  Polioptila  ooanilea— Blue-oray  Gnat  Catcher — very  rare. 

13.  Lophophanes  bioolor — Tufted  Titmouse — exceedingly  rare. 

14.  Parus  atrioapillus — Black-capped  Titmouse,  or '*  Chickadee'' — 

common  and  a  permanent  resident. 

15.  Parus  atrioapillus,  var.  septentrionalis— rare,  but  seen  several 

times. 

16.  Sitta  oarolinensis — White-billbdNuthatch — common  resident. 
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17.  Sitta  oanadensis— Red-billed  Nuthatch— less  common  resident. 

18.  Oerthia  familiaris— Brown  Crbeper— common. 

19.  Thryotorus  be"wiokli— Bewick's  Wren — common  in  summer. 

20.  TrofiTlodites  sedon— House  Wren— common. 

20)^.    T.  SBdon,  var.  parkmcuii — House  Wren — common 

21 .  Anorthura  trofirlodytes,  var.  Hyemalia— Winter  Wren — also 

common. 

22.  Telxnatodytes  paluatris— Lono-billld  Marsh  Wren — common 

23.  Oistothorus  stellaris— Short-billed  Marsh  Wren — also  common. 

24.  Eremophila  alpeetris — Shorelark — ^very  common. 

25.  Anthus  ludovioianus — ^Titlark — not  uncommon  in  migration  and 

sometimes  abundant. 

26.  Neooorys  spragruei— Missouri  Skylark — very  rare. 

27.  Mniotilta  varia — Black  and  White  Creeper — Rather  a  common 

warbler — breeds  here. 

28.  Parula  axnerioana— Blue  Yellow  Backed  Warbler— not  com- 

mon. 

29.  Helxninthophagra  pinus— Blue- winged  Yellow  Warbler— about 

like  the  last  species  in  frequency. 

30.  H.  ohrysoptera— Blue  Golden  Winged  Warbleb — ^not  abundant. 

Breeds  here  however. 

31.  H,  Rufloapilla — Nashville  Warbler — common  and  breeds  herein 

many  observed  localities. 

32.  H.  oelata — Orange-crowned  WARBLsr — common,  and  breeds  here 

also. 

33.  H.  perecrrina — Another  warbler  seen  abundantly  during  migration — 

a  ftiw  nests  have  b3en  seen. 

34.  Dendroeca  aestiva .  -Blue- eyed  YELrx)w  W ARBLER-the  most  com- 
mon of  the  Warblers  during  summer,  and  bi*eeds  here  in  great  abund- 
ance. 

35.  D.  virens— Black-throated  Green  Warbler— a  much  less  numer- 

ous specie;  breeds  here. 

36.  D.  ooBrulesoens — Black-throated  Blue  Warbler — often  seen  in 

migration — I  am  not  aware  of  any  nests  having  been  taken,  but  think 
it  breeds  in  the  State. 

37.  D.  ooerulea — Cosrulean  Warbler — Occasionally  seen  in  spring — 

Little  known  of  its  local  habits. 

38.  D.  ooronata — Yellow-Rumped  Warbler — The  earliest  and  by  far 

most  numerous  of  all  the  warblers  during  migration,  and  breeds  to 
some  extent  in  the  vicinity  of  Lake  Superior. 
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89.    D.  striata — Black-Poll  WAitBiiKR — Very  common  from  the  10th  to 
the  20th  of  May — Breeds  here. 

40.  D.  oastanea — Ba y-brkstkd  AVar blek — Often  observed  in  migration — 

Little  more  known  of  it. 

41.  D.  blaokbumiaB — Blackburnian  Warbler— Rather  a  common  mi- 

grant and  breeds  here. 

42.  D.  pennsylvanioa — Chestnit-sidkd  Warbler — Quite  common-^ 

Nests  have  frequently  been  obtained. 

43.  D.  xnaoulosa — Black  and  Yeija>w  Warbler — Not  uncommon — I 

have  seen  no  nests,  but  have  no  doubt  as  to  ii^  breeding  here. 

44.  D.  ticrrina — Cape  May  Warbler — Very  common  in  migration. 

45.  D.  palxncunxn — Yellow  Red-poll  Warbler — Not  very  infrequent 

in  a  short  period  of  its  migration— No  nest«  seen  as  yet. 

46.  D.  pinus — Pine  Creepin(i  Warbler — Seen  only  in  migration  except 

in  a  single  mstance  in  Grants  county  by  T.  S.  Roberts  in  the  early  part 
of  June. 

47.  Seiurus  aurocapillus— Golden-crowned  Turusu— common  dur- 

ing migration,  and  nests  are  occasionally  observed. 

48.  S.  noveboraoensis — Water  Thrush — not  very  conmion  but  also 

breeds  here. 

49.  Oporomis  agilis — Connecticut  Warbler — rare. 

50.  Gteothlypis  triohas — Maryland  Yellow-throat — very  common — 

breeds  here  abundantly. 

51.  G.  Philadelphia — Mourning  Warbler — seen  rather  infrequently — I 

think  one  nest  has  been  obtained  bv  Mr.  T.  S.  Rol>erts.  Mr.  Trippe, 
quoted  by  Dr.  Cones,  found  it  very  common  and  breeding  here  abnnd- 
antty,  but  twenty-two  years  residence  has  afforded  me  less  favorable  re- 
sults.    I  have  not  looked  for  it,  however,  in  the  localities  he  mentioned. 

52.  loteria  virldis — Yellow-breasted  Chat — Very  rare  as  yet^ — Only 

seen  on  the  western  borders  of  the  State  and  in  Dakota  along  the 
Missouri. 

53.  Myiodiootes  pusillus- Green  Black-capped  Fly-catcher — Not 

very  abundant  but  breeds  hen?. 

54.  M.  oanadensis — About  \\\n*  the  last  si)ecieH,  and  the  nests  are  said  to 

have  been  seen. 

55.  Setophagra  rutioilla— Redstart— Common,  and  breeds  hen?  in  well- 

observed  localities. 

56.  PyranfiTCk  rubra — Scarlet  Tanacier — Every  year  becommg  more 

common — Nests  often  taken. 

57.  Hirundo  Horreorum — Barn  Swallow — Abundant  in  some  sections. 

but  not  universally  so. 

58.  Taohyoineta  bioolor— W hite-belli ed  S wallow— Almndant. 
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59.  T.  thalassixia — Violet-green  Swallow — Not  so  well  represented  as 

the  last. 

60.  Petroohelidon  lunifiroiis — Eave  Swallow — Common. 

61.  Ootyle  riparia— Bank  Swallow— Also  very  common. 

62.  Steliridopteryx  aerripennis — Rofgh-winged  Swallow— not  com- 

mon. 

63.  Proffne  purpureet— Purple  Martin— abundant. 

64.  Ampelis  gramilus — Bohemian  Wax- wing — ^This  winter  visitants 

numbers  vary  so  much  from  year  to  year  as  to  forbid  any  approximate- 
ly definite  description — sometimes  common. 

65.  A.  oedroruzn — Cedar  Bird — common,  and   breeds  in  various  sec- 

tion. 

66.  Vireo  olivaoeus — Red-eted  Vireo — common. 

67.  V.  philadelphious — Brotherly-love  Bird — quite  a  number  have 

been  identified,  but  I  do  not  think  it  a  common  specie. 

68.  V.  firilviiB — Warbling  Vireo — delightfiilly  common. 

69.  V.  flavifrons — Yellow-throated  Vireo — not  at  all  common,   but 

breeds  here. 

70.  V.  solitarius — SoiiiTARY    Vireo — common    in  migration.    Breeds  in 

northern  sections  of  the  State. 

71 .  V.  noveboraoensis — White-eyed  Vireo — rare  aa  far  as  yet  observed 

— at  least  not  common. 

72.  V.  belli! — Bellas  Vireo — not  a  common  specie. 

73.  Ck>llurio  boreallB—GREAT  Northern  Shrike — Is  fairly  common  but 

far  less  so  than  the  next  species. 

.  74.    O.  exoubitoroides— White-rumped  Shrike— Which  is  exceedingly 
common. 

75.  Hesperiphona  vespertina — Evening  GROSBEAK-Like  the  Chatterer 

or  Bohemian  wax  wing.  The  representation  of  these  winter  visitors 
is  exceedingly  variable,  yet  never  as  great  as  in  that  species. 

76.  Pinioola  enunoleator — Pine  Grohbeak — Much  the  same  as  the 

Evening  Grosbeak. 

77.  Oarpodaous  purpureus— Purple  Finch — Common  occasionally  in 

fall  migration. 

78.  Ourvirostra  axnexioana — Red  Cross-bili. — Not  exactly  common — 

Breeds  m  north  part  of  the  State. 

79.  O.  leuooptera — White-winged  CROSs-BiLii — Rather  rare. 

80.  Aesriothus  llnariuB— RED-POLii  Linnet— Common  in  winter. 

81.  Ohrisoxnitris  pinus— Pine  Linnet— Not  rare. 


STATB  GEOLOGIST.  395 

82.  O.  trlfltis — Amekican  Goldfinch — very  common  and  breeds  exten- 

sively. 

83.  Pleotrophanes  nivalis— Snow  Bunting — a  very  abundant  species  in 

winter. 

84.  P.  lapponious — Lapland  I^nghpur — not  as  constant  duiing  the  win- 

ter but  very  numerous  in  both  migrations. 

85.  P.  omatus — Chestntt  colorrd  Bunting — common  along  the  Red 

RivtT,  where  it  breeds. 

86.  P.  piotus — Painted  Lark  Bunting — not  much  observed,  but  identi- 

fie<l. 

87.  Oentronyx  bairdii — Baird'h  SpAKROw-common  along  the  Red  River 

where  it  breeds. 

88.  Passeroulus  savanna— Savanna  Sparrow — (wnmon,  breeding  here 

abundantly. 

89.  Pooo86tesfirr€unineus— Bay-winged  Bunting- common. 

90.  Ootumiouluspasserinus— Yellow^  WiN<JKD  Sparrow-— less  com- 

mon than  the  last. 

91.  O.  leoontl— Lkconte's  Sparrow — well  identified. 

92.  Melospiza  llnoolnl — Lincoln's  Sparrow — about  the  same  as  Jjecon- 

ti— either  or  both  are  doubtless  not  infre<iuent  in  some  localities. 

93.  M.  palustiis— Swamp  Sparrow — Abundant. 

94.  M.  melodla — Song  Sparrow — Very  common. 

96.  Junoo  Tryemalls — Snow  Bird — Abundant — Breeds  here. 

96.  L  orefiTonus — Oregon  Snowbird— A  few  stragglers. 

97.  Splzella  montloolet— Trek  Sparrow— Common. 

98.  S.  soolalls — Chipping  Sparrow — Very  common. 

99.  S.  pusllla — Field  Sparrow — Also  common. 

100.  S.  pallida— Clay  Colored  Sparrow— Not  rare,  yet  not  what  may  be 

called  common — It  breeds  along  the  Red  river. 

101.  Zonotriobia  albioollis — White-throated  Sparrow — Common — 

Breeds  here,  especially  northward. 

102.  Z.  leuoophrys — White-crowned  Sparrow — Also  breeds  hero,  but  is 

common  along  the  Red  river. 

lO^i    Z.  querula— Harris'  Sparrow — Not  uncommon. 

104.  Ohondestes  grranunaoa — Lark  Finch— Common. 

105.  Passer  doxnesti  (onrse)  ous — Englibh  Sparbow — More  numerous 

than  welcome. 

106.  Passerella  lUaoa— Fox-ct)i/ORED  Sparrow-— Not  uncommon. 
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07.  Oalmospiza  bioolor— Lark  Bunting— Common  in  the  northwestern 
part  of  the  State. 

08.  Buspiza  axnerioana — Black-throated  Bunting — Not  a  very  con- 
stant or  abundant  species,  but  breeds  here. 

09.  Qoniaphea  ludovioiana — Rose-breasted  Grosbeak — A  very  com- 
mon species. 

10.  Oyanospiza  cyanea — Indigo  Bird — Common  for  its  species. 

11.  Oardinalis  virsrinianus — Cardinal  Red-bird— An  ocasional  strag- 
gler— Has  been  obtained  in  pairs  under  circumstances  to  justify  the 
record. 

12.  Pipllo  erythrophthaJmus — Towhee  Bunting — An  average  repre- 
sentation. 

13.  Doliohonyx  oryzivorus— Bobolink — ^^Common. 

14.  Molothrus  peooris— Cow-bird — Very  abundant. 

15.  AfiTolSBus  phCBnioeus — Red-winged  Blackbird — An  abundant 

species. 

16.  Xanthooephalus  ioterooephalus — Yellow-headed  Blackbird-— 

Numerous  in  restncted  localities. 

17.  Stumella  xnagneu — Meadow  Lark— Common. 

18.  S.  Negfleota. — Common  along  the  Red  River  and  occasional  in  other  sec- 
tions. 

19.  Icterus  spurius. — Orchard  Oriole — A  rather  common  and  constant- 
ly observed  species. 

20.  I.  baltimore.— Baltimore  Oriole — Very  common. 

21.  Scholecophagrus  femifirineus.— Rusty  Blackbird — Seen  only  in 
migration. 

22.  S.  cyanooephalus. — Brewer's  Blackbird — Breeds  in  considerable 
numbers  on  the  Red  River. 

53.    Quisoalus  purpureua— Crow  Blackbiri>— Abundant. 

24.  Oorvus  americanus. — Crow — Not  abundant,  but  is  increasing  in 
numbers. 

25.  O.  OBSiftufifus. — Fish  Crow — Seen  rarely  in  considerable  flocks  in  mi- 
gration. 

26.  Pioa  melanoleuoa,  var  hudsonioa.— Occasional. 

27.  Oyanurus  oristatue.— Blue  Jay— Very  common. 

28.  Perisoreus  oanadensis.— Canada  Jay— Met  with  frequently  about 
Lake  Superior. 

29.  Tyrannus  oarolinensis.— King  Bird— Common. 

30.  Myiarohus  orlnitus.— Great-crestkd  Flycatcher — ^not  common, 
but  breeds  here. 
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131.  Sayomis  ftisous— I'iKKRK  Bird— Common. 

132.  Oontopus  borealis— Olivk-sidbd  Flycvtchkh — Rather  h  tomnion 

flycatcher — breeds  hei*e. 

\M.    O.  virens— Wood'Pkwkk — Quite")common. 

134.  Bmpidonax £M)adiou8  -S-ntallGrkkn-ckkstki)  Flycatcher — Com- 

mon in  woodlandH. 

135.  EL  trailii— TuAius'  Kia<.at<:ukk— Rare. 

136.  EL  minixnus— Lkast  Fi^TCTCAER — Not  common.    . 

137.  EL  flaviventris— YKMiO\v-mi,L'^:i)  Fi.ycatciikr— Not  ab.mlant.  hut 

feirly  repre.«ionted. 

Vi'i.    Ohordeiles  virffinianus— Xhiiitii  wvk— Comuiou. 

139.  Antrostomus  vooifenis— WmrrooHWiiiii — Common. 

140.  OhOBtura  palasgria— CiiiMXEY  SwrFr— Ab:indant. 

141.  Troshilas  oolubris— lirBY-riiR^vTici)  HiiMHrNiJ-Biuo— An  average 

representiition. 

142.  Oeryle  aloyon—KiN<»Fism:ii— Common. 

14:3.    Ck>ooyzu8  erythrophthalmus— BiiAcK-iiiLLKi)  Crt-Koo— i.'ommon 

144.  O.  axnerioana — Yellow-uiklkd  Ci  ckdo — Not  common. 

145.  Hylatoxnus  pileatu8-^I*iLKATKi)  WimDPKCKKR — Not  an  abundant 

but  fairly  reprettented  s|jecies. 

146.  Pious  villosus— Hairy  Woudpecker— Common. 

147.  P.  pubesoens — DcnvxY  Wdodpek  ker — Not  (juite  as  common  sis  the 

last. 

14i<.      PiOOidie    arotiOUS— BLArK-BArKED-TlCREE-TOED     WoODl'ErKKR — A 

rare  winter  Bptries. 

149.  Sphyrapioua  varius.— Yellow-rkllied  Woodpecker — Not  verA- 
abundant. 

ViO.    Melanerpes'j  erythrooephalus. Ked-iieaded  W(K)dpecker — 

Veryjeoinmon  in  Hections. 

151.  Oolaptes  auratus. — (roLDEN-AViNciED  Woodpecker — Very  com- 
mon. 

J 52.  Strix  flamea  var  axnerioana. — Bakn  Owl. — In  a  former  list  I 
erroneously  reported  this'-owlas  common. — It  is  a  very  rare  species  here 
although  Heveral  have  been  obtained  by  collectors. — No  ne«t«  as  yet 
seen. 

153.    Rubo  virarinifiUiUB.— Great-iiorn ed  Owl. — Common . 

1-54.    ScopB  asio. — SrREEc  II  Owl — Not  very  common. 

155.    Otus   vulfiraris  var  'wilsonianus. — Lonu-eared  Owl. — leather  a 
oommon  species. 
26 
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156.  Braohyotus  paJustris. — Siiort-kaked  Owl. — Not  rare. 

157.  Symium  oinereum  — Grkat  Gkay  Owl — This  hug«»  speiie^  \h  not 

very  common  in  Minnesota. 

158.  S.  nebulosum — Barred  Owl — generally  found  in  summer  when  it  is 

common. 

159.  Nyc5tea  nivea — Gukat  White  Owl — Seen  frequently  in  winter. 

160.  Surnia  ulula  var  hudsonia— Hvwk  Owl— Often  collected  in  early 

spring. 

■ 

161.  Nyotale  telarmalmi  var  riohardsoni— Ricuahdson's  Owl— nei- 

ther common  nor  very  rare. 

162.  N.  aoadioa-rSAW-wuET  Owii — Frequently  seen  in  the  forests. 

163.  Oirous  oyaneus  var  hudsonius— Marsh  Hawk — The  commont^st 

of  its  eastern  family. 

164.  Nauolerus  fUroatus — Swali^ow-tailed  Hawk  or  Kite — Often  seen 

in  the  densest  forests. 

165.  Aooipiter  fUsoiis. — Sharp-shinned  Hawk — Quite  common,  but  less 

80  than  the  next  species. 

166.  A.  oooperii. — Cooper's   Hawk — Breeds  here  extensively. 

167.  Astur  atrioapillus. —  Goshawk — Not  abundant,   but  fairly   repre- 

sented. 

168.  FaJoo  eryrfaloo  var  labradora.— (gerfalcon — Kare. 

169.  F.  comxniinis. — Duck  Hawk, — Cannot  be  said  to  be  very  common,  yet 

is  often  seen. — Breeds  in  the  State. 

170.  F.  oolumbarius. — Pigeon  Hawk,— Rather  rare. 

171.  F.  riohardsonii — Ric  hakdson's  Fahon,— Occasional. 

1 72.  F.  sparverius. — S p  ar  R(  >  \n  H  a  w  k  , — Very  common , 

173.  Buteo  borealis. — K  ed-ta  i  led  If  a  w  k  , — Common . 

174.  B.  lineatus. — Red-shouldered  Hawk, — Not  so  common  as  the  Red- 

tailed  Hawk. 

175.  B.  swainsonii. — Swaixson's  Hawk, — Not  uncommon  in  the  west  part 

of  the  State. 

176.  B.  pennsylv€Uiioiis.— Broad- wr NO i:d    Hawk, — Rather  a  common 

buzzard. 

177.  Arohibuteo  lagropus  var  sanoti-Johannes.— Ran>. 

178.  Pandion  halioBtus.— Osprey  or  Fish-mawk. — A  mod(;nitely  repre- 

sented  species. 

179.  AquilaohrysflBtus.- Golden  Eaole.— Rare. 

180.  HallOBtus  leuoooepalus.— Bald  Eagle— Common. 

181.  CatharteB  aura.— Turkey  Buzzard — Not  common. 
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182.    Eotopistes  mlsrratorius. — Wild  Pigeon — Extromely  variable — nev- 
or  <\mU}  abundant. 

188.    Zenadiira  carolinensis.— Common  DovK—Common. 

184.  Meleagris  sraUopavo  var.  americana.— Only  found  fn  Mm'  extreme 

Kouthwf'steni  part  of  tlie  State  iind  tben  very  rarely. 

185.  Tetrao  canadensis.— Canada    Ouoi-mk — Noi-theastem   part   of  the 

State. 

186.  Pediosoetes    phasianellus. — Siiauptatled    grouse— Comraon   in 

northeastern  and  noi-them  poitioiiH. 

187.  Cupidonia  cupido. — Pinnated  (iiunsE— Cominoni. 

188.  Bonasa  umbellus.— Ruffed  (iroisf:- Common. 

189.  Lagropus  albus.— Willow  Ptaumioan— Kan?. 

190.  Ortyx  virgrinianus. — Qtaii/ — neconiinjf  more  common  but  not  yet 

abundant. 

191.  Squatarola  helvitioa. — Black-ijellied  Pu>ver — Rather  common 

in  both  niigmtionp. 

192.  Oharadrius  fulvus  var  vir^inianus. — (i olden  Pia)ver— Abun- 

dant in  migration. 

193.  .fflgrialitis  vociferus.— KiLLF)EER  Plover — Common. 

194.  A.  semipalmata. — Rino  Pi/)ver — Fairly  common. 

195.  Strepsilas  interpres. — TrnNSTONE — Not  eommon  but  well  identi- 

fied. 

196.  Reouvirostra  americana. — Avocet — Rare  or  not  common. 

197.  Himantopus  nigrricollis. — Stilt — Not  very  common,  nor  yet  rare. 

1 98.  Stegranopus  "wilsonii.—  -AV  i lson  V  P n  a l a  ropk— A  moderately  rep- 

resent-ed  apecii^s. 

199.  Lobipes  hyperboreus. — North  ern  P  ii  a  la  rope — Not  as  frequently 

seen  a<  the  last. 

200.  Phalaropus  ftilicarius.— Red  Piialaropk— Rare. 

201.  Philohela  minor. — WooDrocK — Not  abundant,  yet  fr(^f^uently  seen. 

201.  Gallinagro'wilsonii. — Wilson's  Snfpe — Common. 

202.  Macrorhampus  grriseus.— Red- breasted  Snipe — Rare. 

203.  Micropalma  himantopus.— Stilt  Sxndpiper — Occasionally  seen. 

204.  Breunetespusillus.— Semip A lmated.  Sandpiper— About  same  as 

last. 

205.  Trinfira  minutilla. — Least  Sandpiper — Common. 
306.    T.  xnaculata.— Jack  Snipe— Common. 

207.    T.  alpina.— Red-backed  Sandfipkk — Cummoii. 


370  AKNUAL  REPORT. 

208.    Oaledris  €urenaria.— Sanderlino — Rare. 

20iK'"Ijlino8a  fedoa.-- (treatIMaublkd  Gonert — Not  rare,  but  notcoiumoii 
except  in  the  extreme  northwest  part  of  the  State. 

210.""  Totanus  sexnipalxnata. — W 1 1 .lkt — Sani e  as  I  a/<t . 

211.  T.  xnelanoleuous. — (treater  Telltale — Not  rare. 

212.  T.  flavipea — Lerber  Telltale— Common. 

213.  T.  solitarius. — Solitary  Sandpiper — Rather  common. 

214.  Tringroides  xnaoularius. — Spotted  Sandpiper — Common. 

215.  Trynsrites  niflscens. — BrPF-nREASTED  Sandpiper — Rather  rare. 

216.  Numenius  longrirostris.— Long-billed]  Curlew — Common  iUong 

the  Red  river. 

217.  N.  hudsonious. — Hudson i an  Curlew— Less  common. 

218.  N.j,boreali8. — EsQuiMAUxCuRLEw—Not  rare. 

219.  Ardea  herodius. — Great  Blue  Heron  -Common. 

220.  A.  egrretta. — White  Heron— Occasional. 

221.  A.  oandeuiissixna.— Snowy  Heron — Very  rarely  seen. 

222.  A.  viresoens. — Green  Heron — Common. 

228.    Nyotiardea  firri8ea,Lvar.n8Bvia.— Night  Hkron— Not  rare. 

224.  Botaurus minor. — Bittern — Very  common. 

225.  Aradetta  exilis. — Least  Bittern— Common. 

226.  Grus  amerioana. — White  Crank— Not  vei7  common  birds  here. 

227.  Or.  canadensis.— Sandhill  Crane — Common. 

228.  Rallus  elegrans.— King  Rail— Occasional. 

229.  R.5'virfirinianus.— Virginia  Rail— Common. 
2J^.  Porzana  Carolina.- Sora  Rail — Very  common. 
231.  P.  noveboracensis.— Yellow  Rail— Rather  rare. 

282 .    Gkallinula  firaleata . — F lor  i  da  G  a  ll i n  r  le — N  ot  common .  bnt  breeds 
in  the  Minnesota  River  bottoms. 

233.  Fulica  americana.— Coot— Abundant  throughout  the  state. 

234.  Oysrnus  buccinator. — Trumpeter    Swan — Common  in  migration 

along  the  Red  River  where  it  breiKls  to  some  extent. 

23.5.    O.  axnericanus. — White,   or  Whistling  Swan — Common  in  some 
regions  where  it  breeds. 

236.  Anser  albifrons  var.  fifambelli.— White  fronted  Goose— Proba- 

bly stragglers  but  represented. 

237.  A.  hyperboreus. — Snow   Goose — abundant   in  the  autumn  migra- 

tions. 
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238.    A.  cxBnileoens— Bi.uK  (roosE. — Oftmi  seen  in   the  Red  River  re^on 
in  migration. 

2S9.    Branta  bemiola. — Black    Biiant— Not  really  common  nor  specially 
rare. 

240.  B.  canadadensis.— Ojmmon  Wild  Ooose — Abundant. 

241.  B.  hutohinslL — HrTCHiNs  Ooosf — Lews  common. 

242.  Anas  bosohas. — M  a  t,l a  k  d — A  Vjimcl  an  t . 

243.  A.  Obsoura. — Black  Ditk — Rather  <-ommon. 

244.  Daflla  acuta.- -Pi  ntaii.  Pick— Common  in  its  migration.^. 

245.  Ohaulelasxnus  streperus. — (^adwall  DrcK — Common. 

246.  Mareoa  amerioanaWincjEON — Kqually  common. 

247.  Querquedula  oarolinensis. — (Jkeen-wingkd  Teal — Abundant  in 

migrations  and  breedH  in  (ronsidei-able  j>ortion.s  of  the  State. 

248.  Q.[.di8COr8. — BuK-wiNr.En  Teal — Also  abundant   in  migrations  and 

breeds  here. 

249.  Q.  oyanoptera.— Cinnamon  Teal — Very  rare  straggler. 

250.  Spatula  olsrpeata. — Shoveller  Duck — Breeds  here,  and  is  common. 

251.  Aix  spona. — Woon  OrcK— Abundant  breeder  here. 

252.  PulifirulaUMUila.— Bn  E-uiLL— An  abounding  species  in  both  migra- 

tions'"and  probably' breeds  here. 

8&J3.    P.  afflnis. — Little  Black-iiead— About  as  la.st. 

254.  P.  OOUaris. — Rincj-neckeo  Dr<  k — Not  abundant  except  in  occasional 

seasons. 

255.  P.  valisneria. — CANVAs-BArK  \)v(n — Not  usually  very  abundant,  but 

breeds  hei*e. 

256.  P.  ferina,  var.  [axnerioana — Red-he  a  o  Dick— About  like  the  last- 

not  yet  C4?rtfl,inly[  known  to  breed  here. 

257.  Buoephala  olangnla. — C4oii1>en-eye  DrcK — Not  uncommon  in  mi- 

gration. 

258.  B.  albeola. — Bvttkk-ball  Duck — Abimdant,  and  is  Udieved  tobived 

in  the  northern  section  of  the  State. 

259.  Harelda  firlacialis. — Small  flocks  occasionally  met  in  fidl  migration. 

260.  (Edexnia  americana.— Black  Scoti— ran*. 

261.  Eriaznatura  rubida.— Riddy  Dupk- Not  very  cx)mmon,  but  breeds 

here. 

262.  Mersrua  xnergranser.— Shelldrake — Common,  and  breeds  here. 

268.    M.  serrator. — Red-breasted  Meroansek — Also  common,  and  breeds 
here. 

204.    IC  ouroulatua — Hooded  Mrrg an srr — Like  the  lant  two.  common. 
and  breeds  here. 
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265.    Pelioanus  traohsrrhynohus.— White  Pklican — Common,  bre 
in  colonies — in  retired  sections. 

266 .  GraoTilus  caxbo. — Co  m  m  o  n  Corm  or  a  n  t — rare . 

267.  Q.  dilophuB. — Dovble-crested  Cormokant — More  common,  b 

numerous. 

265^.  Lams  arffentatus. — Herring  Gi^ll — Common  in  migration. 

269.  L.  delawarensis. — Ring-billed  (iill— Not  uncommon. 

269.  L.  trydactyluB. — Kittiwake  Gull — Not  common. 

270.  li.  atrioilla. — Laighing  GriiL — Reported,  but  doubtful. 

271.  L.  firanklini.— Fran  KLIN  *s  Gi  ll — rare  but  identified. 

272.  L.  philadelphicL — Bonaparte's  Grij/ — More  common. 
278.  Sterna  oaapia.— Caspian  Tern— Several  collected. 

274.  K  forsterL — Forster's  Tern — Common,  and  breeds  here. 

275.  S.  superoiliaris  var,  antillarum. — fjEvsT  Tern — Not   rare. 

ablj'  breeds  here. 

276.  Hydroohelidon    larifonnis.— Black    Tern— Ver\'    common 

breeds  here  extremely. 

277.  OolyxnbuB  torquatus.— Loon — Very  common. 

278.  O.  septentrionalis.— Red-Throated  Diver — Rare. 

279.  Podloeps  ooruntus. — HornedJteebe — Common. 

280.  P.  srriseiffena  var,  hoebollii — Red-Necked  Gekbe — N 

mon.  but  breeds  here. 

281.  Podilymbuspodioeps.— Da BCHicK— Common. 
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The  Winter  Birds  of  Minnesota. 


BY  THOMAS  S.  ROBERTS. 


Frof.  N.  K  Winchell: 

The  question  is  often  iisked  ''How  many  kinds  ot*  birds  are  there 
in  Minnesota  in  the  winter  time?"  and  supplemented  not  infre- 
quently by  the  remark  "not  many,  f  suppose."  There  seems  to  be 
no  more  appropriate  placre  for  tlie  answering  of  this  question  at 
length  sus  it  deserves  than  in  the  annual  report  of  the  survey. 
The  present  article  is  therefore  respectfully  submitted  as  im  at- 
tempt to  list  our  winter  birds  so  far  iis  they  are  known  to  the 
writer  at  the  present  time,  with  the  introduction  of  such  brief 
notes,  mainly  of  a  popular  nature,  in  regard  to  the  occurrence. 
habits  or  appearance  of  each  species  as  may  assist  in  its  identifica- 
tion or  be  of  interest  otherwise. 

The  much  greater  abundance  '  and  attractiveness  of  birds  in  the 
summer  season  is  very  apt  to  entirely  absorb  the  attention  of  the 
casual  observer  luid  to  lead  t(»  the  almost  complete  neglect  of  our 
winter  birds;  especially  as  the  latter  are  greatly  diminished  in 
numbers,  are  comparatively  silent  and  are  largely  shielded  from 
observation  by  the  many  drawbacks  to  outdoor  investigation  in 
the  winter  time.  But  because  the  birds  do  not  force  themselves 
upon  our  attention  in  winter  as  they  do  in  summer  we  ought  not 
to  conclude  either  that  there  are  no  birds  present  or  that  they  are 
of  little  interest.  The  fact  is  that  while  birds  are  generally  far 
from  abundant  in  the  cold  season,  particularly  in  respect  to  indi- 
yiduals,  there  are  yet  a  goodly  number  of  species  to  be  found  with- 
in the  limits  of  the  State.  And  among  these  every  lover  of  birds 
cannot  fail  to  find  a  number  which  are  of  much  more  than  aver- 
age interest.  Birds  which  are  attractive  either  in  themselves  on 
account  of  their  beautiful  or  varied   plumage,  or  by  reason  of 
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curious  and  periiaps  little  known  habits,  or  through  having  inter- 
esting personal  histories  recorded  in  the  pages  of  our  ornithologies.* 
The  only  opportunity  to  become  acquainted  with  such  birds  as  the 
handsome  and  little  known  evening  grosbeak,  its  relative,  the  pine 
grosbeak,  the  elegant  northern  waxwing  or  the  more  common  but 
little  less  interesting  red-poll  linnet,  snow  bunting  and  Lapland 
longspur,  is  during  their  sojourn  here  as  visitors  from  their  far 
northern  summer  homes.  Moreover  those  birds  that  are  present 
in  the  summer,  have,  in  winter,  to  live  and  gain  their  livelihood 
under  greatly  changed  conditions  which  presents  them  to  the  ob- 
server in  new  and  generally  very  different  aspects.  The  winter 
then  offers  a  field  for  study  peculiarly  its  own — not  a  rich  and  al- 
most endlessly  varied  one  like  that  of  the  summer  and  transition 
seasons,  but  yet  a  field  amply  repaying  the  outlay  of  time  and  effort 
necessary  to  become  acquainted  with  its  prominent  features. 

A  word  may  l>e  said  here  in  reference  to  a  noticeable  trait  of 
many  winter  birds  which  renders  their  observation  all  the  easier  if 
one  is  but  looking  for  them.  It  is  the  preference  often  shown  for 
the  vicinity  of  dwellings,  towns  or  even  busy  cities  over  the  wild 
and  unsettled  country.  The  jays,  grosbeaks,  waxwings,  sparrows 
and  even  hawks  and  owls  are  more  likely  to  be  found  in  the  near  vi- 
cinity of  human  habitations  than  elsewher.e.  The  greater  ease  and 
certainty  with  which  food  and  shelter  can  be  obtained  is  no  doubt 
the  reason  for  this. 

The  probable  number  of  birds  constituting  the  avi-fauna  of 
Minnesota  is  in  the  near  neighborhood  of  three  hundred.  Of  this 
number  about  two  hundred  and  seventy-five  species  have  thus  far 
been  collected  or  otherwise  identified.  About  fifty  species  are 
known  to  occur  in  the  State  in  the  winter  months.  Of  these  a 
few  are  accidental;  some  are  rare  birds  everywhere  and  at  all  times; 
while  others  are  found  only  during  occasional  winters.  There  is 
scarcely  the  least  probability  that  all  would  occur  at  any  one  local- 
ity: nor  is  it  very  probable  that  the  whole  number  occur  within 
the  limits  of  the  State  during  a  single  winter.  An  experience  ex- 
tending through  several  winters  differing  in  character,  together 
with  a  residence  in  different  parts  of  the  State,  would  therefore  be 
necessary  to  form  the  winter  acquaintance  of  all  these  birds. 


^Entertaining  accountH  of  all  tiie  birds  so  briefly  mentioned  below  may  be  found  by  ref- 
erence to  such  works  as  Andl:^^  i  *  '.Wf !.-«;» "s,  and  NuttalFs  Ornithologies,  Cone's  Birds  of 
the  Northwest,  Baird,  Brewei  and  KidgvNay's  Birds  of  North  America  and  numerous  other 
minor  works  of  a  more  popular  nature,  among  which  may  be  mentioned  the  writings  of 
Jolin  Burroughs.    The  latter's  "Wake  Robin'*  is  a  little  book  full  of  charming  bird  biog- 
raphies. 
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For  the  purpose  of  showing  at  a  glance  the  manner  of  their  oc- 
curence, our  winter  birds  may  l^e  divided  into  groups  somewhat  as 
follows:  First — Permanent  residents,  or  those  birds  found  in  the 
State  the  year  round;  -SVrom/  -Winter  visitants,  including  such 
birds  as  come  into  the  State  from  the  north  to  pass  the  winter  sea- 
son; Third — What  might  be  called,  adopting  a  florist's  term.  "Half- 
hardy  species,"  embracing  those  birds  found  regularly  during  mild 
winters  or  which  appear  during  mild  weather  in  the  latter  ])art  of 
January  and  in  February;  and  lastly,  a  few  species  that  are  purely 
accidental. 

In  the  following  lists,  the  species  belonging  to  each  of  these 
groups  are  given  in  their  natural  onler.  It  should  be  said,  how- 
ever, that  in  the  case  of  two  or  three  species  the  positions  they 
hold  are  only  provisional;  as  for  example  it  is  quite  possible  that 
both  the  hawk,  owl  and  gorfhawk  may  Breed  in  the  northern  part 
of  the  state,  in  which  case  they  should  be  placed  among  the  per- 
manent residents  instead  of  with  the  winter  residents  as  below. 


PKRMANKXT  HKSIDENTS. 

1.  Parus atrioapillu8,(L(7ii/.)  (Hlack-cappei)  Chickadek.) — A  oommun, 

cheery  little  binl  fbiiiid  almost  ever^'wherf.  and  known  by  sij^ht 
and  nanie  to  nearly  every  one  who  notit.rs  birds  at  all.  They  spend 
the  winter  in  small  companies  which  rove  thi-oiijfh  the  woods  and 
thickets  and  not  infretpiently  api)ear  in  the  veiy  centers  of  our  cities 
and  towns.  'ITie  severest  cold  seems  only  to  increase,  if  possil>l«\  their 
activity  and  bustle. 

2.  Sitta    oaroliaensis,     [Lath.)     Wjiitk-Hellied    Nuthatch.)— A 

Fmail.  bluish,  black-capped,  white-bellied  bird  sometimeK.  though  ui- 
correctly,  called  '*8apsucker."  In  common  ynih  the  following  species 
it  spends  its  time  creeping  over  the  limbs  and  trunks  of  trees  in  search 
of  fooil,  wood-pecker-like,  and  so  is  often  regarded  as  a  small  member 
of  that  family.  It  is  not,  liowever,  related  to  the  woodpeckers,  and 
even  its  scansorial  habits  it  will  be  found  by  a  close  obsen'er  to  dift'er 
▼ery'much  from  those  birds.  The  nuthatch  is  a  common  bird,  of  con- 
fiding and  familiar  habits  and  may  be  seen  regularly  about  oqr 
streets  and  yards  \\&  well  as  in  more  retired  localities.  They  are 
almost  always  in  pairs  and  apparently  remain  constant  throughout  the 
year. 

8.  Sitta  canadensis.  Limt.  Red-Bellied  Nuthatch. — Smaller  than 
the  la«t  and  rusty  colored  beneath.  Seldom  found  in  winter  in  the 
southern  part,  of  the  state  wher#,  however,  it  is  frequent  in  fall  and 
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spring.  Mr.  T.  M.  Tripple  haa  recorded  it  a.s  common  in  the  central 
part  of  the  state  in  December  1870. 

4.  Lozia  leuooptera.    Gm.    White-winged  Crossbill. — Apparently 
.  much  less  common  than  the  next,  irom  which  it  may  be  distinguisheil 

by  the  presence  of  two  white  bars  on  the  wintr. 

5.  liOzia ourvirostra  axneriockna.    {WiU.)  Cones.    Red-Crossbill.— 

The  crossbills  are  birds  found  almost  exclusively  in  or  near  the  conifer- 
ous for*»st8  of  the  State,  as  their  food  is  largely  obtained  from  the  cona- 
of  evergreens.  The  name  comes  from  the  fact  that  the  upper  and  lower 
mandibles  are  curiously  crossed  somewhat  like  the  parts  of  a  pair  of 
scissors.  It  is  this  structure  of  the  bill  that  enables  the  bird  to  remove 
the  seeds  from  among  the  rough  scales  of  the  cones.  The  present  spe- 
cies is  common  and  a  small  flock  of  stragglers  is  sometimes  seen  in  tbt' 
neighborhood  of  Minneapolis  and  St.  Paul,  away  from  their  usual  hab- 
itat. 

6.  Passer  domestious.    English  Sparrow. — This  unwelcome  alien  ap- 

peared  in  Minnesota  m  the  fall  of  187B,  having  been  previously  introduced 
into  St.  Paul,  I  understand.  It  has  not  increased  here  in  its  usual  extraor- 
dinary manner,  owing  in  great  part  .(doubtless,  to  our  severe  winters  and 
late  springs.  At  Minneapolis  they  have  confined  themselves,  as  yet. 
entirely  to  the  business  part  of  the  city,  where  they  build  their  large 
unsightly  nests  in  all  conceivable  situations. 

7.  Oorvus  oorax.  Linu.    Raven. — Common  in  the  northern  and  central 

part  of  the  State. 

8.  Oyaniirus  oristatus.  {Linn.)    8w.      Blue     Jay.— In    the    south- 

eastern part  of  the  State,  a  common  bird  familiar  to  every  one.  Of  a 
bold  and  inquisitive  disposition  the  Jay  forages  about  our  door  yards 
and  outbuildings,  pr>'ing  into  ever>'  nook  and  comer,  but  never  forget- 
ting for  an  instant  to  be  on  his  guard  against  any  impending  danger. 

9.  Perisoreus  canadensis.   Bys.     Canada  Jay.— Abundant  and  well 

known  in  the  pineries  and  more  noilhem  parts  of  the  State  under  the 
various  names  of  moose  bird,  whisky  jack,  carrion  jay,  meat  bird,  etc. 
It  is  even  more  bold  and  fearless  than  its  blue-coated  brother,  and 
lives  about  W\i?  lumber  camps  and  farm  houses  on  the  most  intimate 
terms  with  all  connected  pith  the  culinarj'  department.  It  is  possessed 
of  a  ravenous  appetite,  and  is  quite  omnivorous  in  taste,  though 
scraps  of  meat  of  any  kind  are  alwaj's  preferable  morsels.  It  seldem. 
if  ever,  appears  in  the  southern  part  of  the  State. 

10.  Hylotomus  pileatus.  {Linn.)  Bp,    Pilkated  Woodpecker. — ^The 

largest  of  our  woodpeckers,  and  with  a  single  exception,  the  largest 
found  in  North  America.  It  is  nearly  the  size  of  a  crow,  mainly  black 
and  with  a  gorgeous  scarlet  cap  and  crest.  *'  Logcock' '  is  its  common 
appellation.  In  heavy  timber  throughout  the  State  it  is  a  rather  com- 
mon bird  and  stragglers  are  likely  to  occur  whenever  the  country  is  not 
actually  prairie  or  brush  land. 

11.  Pious  villosus.    Linn,    Hairy   Woodpecker. — Common.     Colors. 

black  and  white,  with  re<l  on  the  head  in  the  male. 
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12.  Pious  pubesoens.  Linu.  Downy  Woodpkckki:. — Commoii.    In  mark 

ing  almost  exactly  like  the  lust,  but  only  about  one  halt'  the  size. 
These  two  wookpeekers  i>erform  a  service  of  incalculable  value  to  man 
by  tlie  untirin{<  warfare  they  wafj^e  upon  the  insects  destructive  tn 
shrub  and  tree.  All  winter  long  they  maiy  1h»  seen  beside  the  walk, 
upon  the  lawn  or  in  the  more  retired  gi-oves  of  the  suburbs  indus- 
triously at  work  upon  the  infected  tree;  and  their  ver>'  presence  prove< 
the  existence*  of  the  insects  or  their  ejrgs.  The  name  Sapsuker  is  ap- 
plied to  these  birds.  Imt  it  is  not  deserved.  They  are  naturally  neither 
sap  or  bark  eat**rs.  The  real  culprit  is  the*  yellow-l>ellied  wootlpecker. 
Sphyrapchtif  (rarious),  a  bird  that  drills  larjfe  hol»>s  entirely  through 
the  inner  layer  of  bark  and  thus  allows  the  saj)  to  mn  out,  often  in  a>n- 
siderable  (quantities.  1  hav«*  seen  sugar  maple  tn^^s  tap]>ed  in  this  way 
and  the  whole  lower  part  of  the;  trunk  of  the  tree  saturat^'d  with  the 
sap  that  oozed  out.  'Die  bird  is  fond  of  the  sap  and  may  l>e  frequently 
seen  clinging  to  the  hole  of  the  tree  and  drinking  thi»  liquid  that  col- 
lects in  the  punctures.  The  j-ellow-bellied  woo<lpecker  is  not  a  wintei- 
resident,  but  is  common  in  thp  timber  at  other  s»»asons  of  the  year. 

13.  Pitoides   arotious  (4SV.)  Gray.    Arctic  WoonrKCKKK.— A  rather 

common  bird  in  some  parts  of  the  State,  but  only  a  straggler  in  th** 
vicinity  of  Minneapolis.  It  displays  a  preference  tor  old  ta,marack 
swamps  in  more  or  less  heavily  timbered  country.  It  may  be  known 
by  the  uniform  black  of  the  upper  parts,  a  sciuare  yellow  patch  on  th»» 
crown  in  the  male  and  the  fact  that  it  has  but  three  instejul  of  four 
toes.  Its  congener,  the  banded  woodpecker  {Picoides  Amerirnnits)  i^ 
also  a  three-toed  species  but  the  back  is  banded  with  white.  It 
has  not  yet  been  reported  from  Minnesota,  though  it  probably  occurs 
here  rarelv. 

14.  Bubo  virfirinianus  ifwm.)  ^;>.— <1rkat-iioum;i)  Owr,.— The  largest  nt 

our  owls  with  "horus" — tufls  of  length»^ued  tVather-*  on  the  h»'ad. 
Frequently  met  with  in  lu^avy  timber. 

i5.     80OPB  asio  (L/M/i) /^/x. — S(KKEcnOwr.. — A  small   honied  owl.   al>ont 
nine  inches  in  length.     Apptiivntly  not  common- 

16.  Nyotale  aoadica  ir;//f.  1    Bys. — Acadian  ok    Saw-wukt  Owl. — A 

diminutive  bird  only  about  seven  and  a  half  inch(»s  in  length.  Not 
common. 

17.  Aquila  ohrysaetus,  Linn. — Goldkn   Kacle:.— A  mre  bird  and  but 

little  is  known  of  its  occun-ence  here  winter  or  summer.  It  is  intnv 
dnced  here  since  it  is  known  to  occur  in  the  summer  and  is  usually  res- 
ident where  found. 

18.  Haliaetus  leuoooephalus.  {Linn)Sar.      White-headrd  ou  ualp 

Eaglr. — Occasionally  occurs  in  the  winter.  An  adult  bird  seen  flj'ing 
o\'er  Minneapolis.  Jan.  1,  1879.  (I'he  two  eagles  maybe  distinguisheil 
in  any  plumage  by  noticing  the  feathering  on  the  legs:  in  the  golden 
eagle  it  extends  to  the  base  of  the  toes,  whilp  in  the  bald  nagle  the  low- 
er part  of  the  tarsus  or  *'shank"  is  bare.) 

19.  Tetrao oanadensis.    Lhin.    Canada  on  SpurcKiiiiousK. — Foimd'in 

the  evergreen  womls  of  the  northern  and  central  parts  of  the  Stat^. 
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where  it  is  i-ather  common.  It  is  generally  unfit  for  food,  owing  to  the 
rank  taste  and  odor  imparted  to  the  flesh  by  the  leaves  of  spruce  and 
other  evergreens  upon  which  it  feeds. 

20.  Pedicdcetes  phasianellus  oolumbianus.  iOrd.)  Coues.    Skakp- 

TAiLED  Grouse. — Common,  except  in  the  southeastein  part  ot  the 
State.  Not  found  about  St.  Paul  and  Minneapolis,  except  accidentally. 
It  is  an  excellent  food  bird,  the  flesh  being  lighter  in  color  than  that  of 
the  prairie  hen  or  pinnated  grouse.  Tt  may  be  readily  distinguished 
from  the  latter,  not  only  by  the  marked  ditterence  in  the  pattern  of 
coloration,  but  by  the  presence  ot  two  lengthened  feathers  in  the  cen- 
tre of  the  tail,  from  which  character  it  takes  its  name.  Great  num- 
bers of  the  sharp-tailed  game  are  sold  in  our  markets  every  season . 

21.  Oupidonia  oupido  (Linn,)  Bd.    Pinnated  Guouse. — Found  through- 

out the  State  where  not  timbered,  except,  perhaps,  a  small  area  in  the 
northwestern  part.  As  winter  approaches  the  pinnated  grouse  collect  in 
vast  flocks,  called  *'  packs",  and  during  severe  sea^ns  many  apparent- 
ly retire  to  the  com  fields  and  milder  climate  of  Iowa. 

22.  Bonasa  mnbellus   (Linn).  Steph,    Ruffed  Grouse. — Common,  and 

well  known  by  both  the  names  pheasant  and  partridge,  neither  of 
which,  however,  belong  properly  to  this  bird.  The  niffed  grouse  has 
greatly  decreased  in  numbers  in  the  more  settled  parts  of  the  State 
during  the  last  few  years. 

23.  Ortyx  virgrinianus  {Linn.)  Bp.    Quail  Bob-white. — Rather  com- 

mon in  the  southern  part  of  the  State,  but  our  severe  winters  and  con- 
tinuous snows  prevent  them  becoming  very  numerous. 

WINTER  VISITANTS. 

24.  Ampelis  ffamilus   Linn.      Northern    Waxwing. — An    irregular. 

though  at  times  abundant  visitor  from  the  north.  It  usually  appears 
in  the  northern  part  of  the  State  from  November  15,  to  December  15, 
and  remains  until  the  middle  or  latter  part  of  April.  (April  25,  1876; 
April  12,  1877;  April  14,  1880.)  *  It  sometimes  appears  in  abun- 
dance in  March  and  April,  when  it  has  not  been  seen  during  the  pre- 
vious winter,  as  in  the  spring  of  1877. 
They  associate  in  flocks  often  of  large  size,  and  during  their  sqjoum 
here  live  chiefly  about  our  towns  and  cities,  being  quite  tame  and  un- 
suspicious. Their  beautiful  crest  and  rich,  smooth  plumage  gives 
them  a  jaunty,  trim  appearance,  which  has  brought  them  into  more 
general  notice  than  perpaps  any  other  one  of  our  winter  birds.  The 
resemblance  between  the  northern  waxwing  and  the  common  cedar  or 
cherry  bird  is  so  close,  that  many  persons  are  only  convinced  that  they 
are  distinct  after  a  close  comparison  of  specimens.  The  present  bird 
is  larger  and  darker  than  its  summer  representative  and  haa  on  the 
wing,  m  addition  to  the  red  wax-like  appendages,  oommon  to  both 
species,  considerable  white  and  often  some  yellow  markings.  The  two 
species  may  sometimes  be  seen  in  early  spring  associating  together  in 

*  When  no  locality  is  specified,  dates  refer  to  the  vicinity  of  Minneapolis. 
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the  same  flock.  The  linxl  of  the*  north».Tii  liirds  whilt-  hen*  consists  of 
mountain  ash  l)errie.s,  wild  grape^.  Mmihix  berrios,  wolf-beriie?,  hi^hr 
bush  cranbemos,  rlwayed  fruity  especially  apples,  thrown  out  from 
HtoreR  or  kitchens  and  such  other  palatable  vegetable  substances  as 
they  can  find.  But  as  spring  open.-:,  their  fond  becomes  largely  insec- 
tivorous, and  their  habits  accordingly  undergo  a  marked  change.  They 
are  no  longer  so  familiar  or  such  frequent  visitors  to  back  yards  and 
alley  ways;  but  are  instead  much  more  retiring  and  refined  in  habits. 
The}'  captuie  the  insects  on  the  wing  in  the  manner  of  flycatchers,  and 
a  whole  flock  may  often  be  seen  thus  engaged  for  an  hour  or  more  at  a 
time.  Examination  has  shown  that  the  insects  just  tak«^n  consist 
mainly  of  minute  coleoptera,  thousands  ef  which  must  appear  in  the 
air  with  the  disappearance  of  the  snow. 

32**).  Heeperiphona  vespertina,  (Coop.)  Bp.  Kvevino  GR0^4BEAK. — A 
quite  reguljir  visitant  but  rather  local  in  distribution  and  limit- 
ed in  numljers.  It  generally  arrives  in  the'  southeastern  part  of  tlit- 
State  in  the  early  i>art  of  December,  Init  sometimes  nmch  earlier,  a*: 
in  the  fall  of  1880.  when  the  writer  saw  a  flock  of  fivt?  in  Isanti  Co.,  on 
Oct.  28.  It  is  one  of  tin*  last  of  the  winter  birds  to  retire,  remainin^^ 
usually  until  the  se<ond  or  third  week  in  May.  (May  17,  1876.  Mayfri, 
1877,  May  1.^.  1879. ) 

Tiie  male  evening  gi-osbeak  is  a  beautiful  VurI  being  arrayed  in  a  plumage  ot 
black,  white,  yellow  and  a  peculiar  'Musky  olive."  the  colors  hand- 
somely contrasted  or  evenly  shaded  the  one  into  the  other.  The  tt- 
male  is  much  plainer,  but  the  specirs  may  always  be  recognized  by  tlu' 
short  but  verj'  large  conical  bill,  which  ic  g(»nenilly  gri*enish  honi 
color. 

Like  the  wawings  the  groslieaks  ap()ear  to  court  mther  than  shun  the  societj 
of  man.  lliey  are  very  tame  aud  will  sjK'nd  an  ♦•ntire  season  alxmt  a 
city,  having  their  headquarters  at  some  t-entral  grove  and  frequenting 
the  busiest  thoroughfares  to  feed  with  entire  uiuioncem  upon  the  box- 
elders  planted  by  the  walk  as  shatle  trees.  It  is  from  the  keys  of  the 
box  elder  and  sugar  maple  that  they  derive  their  chief  sustenance,  and 
it  is  surprising  to  see  the  adroitness  with  which  they  remove  the  tiny 
kernel  from  its  dry  husk  with  their  clumsy  looking  bill.  Tlu'ir  princi- 
pal utterance  is  a  cl^'ar  piping  not^  dehvered  with  nuich  energj'  by  mab- 
and  female  alike.  They  have  also  a  weaker,  screaming  nott'  which 
usually  serves  as  an  accompaniment  or  undertone  to  the  general  choral 
perfonuancc  which  is  their  most  conuiiun  way  of  expressing  themselvt»s 
when  settled  in  sonit*  (iuiet  spot.  As  a  friend  r«'marktKi  upon  listening 
for  the  first  time  to  one  of  their  unit»Hl  efforts.  tli»'  general  effect  is  vt*rj 
much  like  that  produced  by  a  lot  offi-ogs  pipnig  in  a  woodland  marsh 
on  a  still  sunmier  evening.  There  is  an  unread  chai)ter  in  the  history 
of  the  present  bird,  which,  together  with  the  fact  that  it  i-*  nowhere- 
very  common,  causfs  it  to  be  of  moi'C  than  usual  interest  to  the  ornith- 
ologist. Its  nest  and  to  a  great  extent  its  sunimnr  home  and  habit- 
are  as  yet  unknown. 

t26.    Plnioola  enuoleator  (/.?i</0  C^/a—Pink  CJi{osin..\K— A  biid  a  iitth- 
less  in  sizt*  than  the  robin:  slate  colorctl.  with  brassv  velluw  nr  reddi*»li 
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on  the  head  and  rump  in  the  female  and  immature  birds,  but  the  adult 
male  carmine  red  nearly  throughout  when  in  full  plumaire.  It  is  of  ir- 
regular occurrence,  being  quite  numerous  some  winters  and  then  almost 
entirely  absent  for  several  winters  together.  During  the  winter  of 
1874-5  they  were  common  in  flocks  about  Minneapolis  and  were  quite 
well  represented  during  the  winter  just  passed  (1880-1).  They  appear 
in  the  latter  part  of  November  or  early  in  December  and  leave  in 
March  (Mar.  18,  1875;  Mar.  7.  1879).  They  have  a  mellow,  sweet 
whistle,  aud  while  here,  a  low.  subdued  song.  Their  food  consists 
largely  of  sumach  berries,  mountain  ash  berries,  high-bush  cranberries, 
etc.,  but  it  is  the  seeds  not  the  pulp  of  the  berries  of  which  they  are 
fond.  They  reject  entirely  the  pulp  of  the  high-bush  cranberry,  sim- 
ply pressing  out  and  eating  the  single  broad,  flat  seed. 

27.  JEgiotbua  linaria  (Linn)  Cab.  Red-poll  Linnet — A  sprightly  lit- 
tle bird  with  a  black  chin  patch  and  a  dark  crimson  on  the  top  of  the 
head  with  sometimes  a  rare  red  plush  over  the  entire  heart.  It  is  very 
abundant  some  seasons,  appealing  in  large  flocks  and  frequenting 
weedy  fields  and  tamarack  swamps.  They  appear  about  the  first  of 
November  aud  remain  until  the  middle  of  April  (April  18,  1875). 

2j^.  Plectrophanes  nivalis,  (Linn.)  Meyer.  Snow  Bunting. — (^mmou. 
Generally  most  numerous  in  late  fall  and  early  spring.  Arrives  in  the 
latter  part  of  October  (one  taken  Oct.  16,  1875)  and  generally  leaves  in 
April,  though  stragglers  are  sometimes  found  in  May  (a  pair,  male  and 
female,  apparently  mated,  taken  at  Minneapolis  May  14, 1875,  and  one 
seen  May  5, 1876).  A  bird  a  little  less  in  size  than  a  bluebird,  plumage 
much  variegated  with  black,  white  and  and  reddish  brown  in  the  fiall 
and  winter  but  becoming  mainly  black  and  white  in  sharply  defined 
areas  in  spring.     Breeds  within  the  Arctic  Circle. 

29.  Pleotrophanes  lapponious,  [Linn.)  Selhy.    Lapland  Longspur. — 

Similar  to  the  last  but  much  darker  in  color.  The  hind  claw  is  very 
long,  from  which  comes  the  name.  The  snow  bunting  and  Lapland 
longspur  are  highly  gregarious  birds  and  during  the  fall,  early  spring- 
and  mild  winters  they  often  occur  in  countless  thousands,  frequenting 
prairies  and  fields  where  they  feed  upon  the  ends  of  grasses  and  weeds. 
The  longspur  appears  in  Hennepin  Co.  as  early  as  September  (taken 
Sept.  29,  1875 ;  seen  Sept.  80,  1880)  and  leaves  in  late  April,  though 
like  the  snow  bunting  it  is  occasionally  found  in  May  (three  taken  May 
3,  1875,  and  a  flock  seen  May  11,  1877). 

30.  Spizella  montioola,  {Gm.)  Bd.    Tree  Sparrow.— A  small,  brownish 

bird  with  a  dark  spot  on  the  breast  and  an  unbroken  rufus  crown 
patch.  An  abundant  migrant  spring  and  fall,  and  some  of  the  hardier 
birds  remain  here  in  sheltered  places  through  the  winter,  though  they 
are  most  noticeable  mild  seasons. 

31.  Sumium  oinereiun,  {Gm.)  Atid.    Great  Gray  Owl.— An  immense,. 

hornless  owl  occasionally  taken  in  the  state,  but  far  from  common. 

32.  Nyctea  soandiaoa,  {Linn.)  Netct.    Great  White  or  Snowy  Owl. 

— A  well-known  and  wary  bird  which,  while  not  exactly  common,  is 
yet  generally  and  regularly  distributed  in  open  country.     Taken  at 
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Minneapolis  Oct.  15, 1876,  and  stays  sometimes  in  tin?  southern  pari  of 
the  state  until  the  second  week  in  May. 

R.S.  Sumia  ulula  hudsonia,  {Gm.)  Coues,  Hawk  Owl.— A  medium-sized 
owl  of  diurnal  habit«.  So  far  as  noticed  it  is  uncommon  in  the  south- 
ern part  of  the  state,  though  it  may  be  more  numerous  and  breed  in 
the  northern,  timbered  part.  Taken  at  Minneapolis  Oct.  31,  1876,  and 
again  Dec.  1,  1876. 

'M.  Astur  atrioapillus,  (Wih.)  Jnrd.  (Ioshawk.— The  hawk  generally 
seen  in  winter.  A  bold  and  powerful  bird  that  preys  largely  upon 
grouse  and  hares.  Seen  at  Minneapolis  Oct.  9,  1876,  and  young  of 
year  taken  in  Lake  Co.,  Aug.  26.  1879. 

.^1.  Buoephalaislandica,  (Gi>/.) /^r/.  Baukow's  iTOLi)KN-EYf:.--A  beau- 
tiful black  and  white  duck  likolv  to  (x^nir  wherever  there  is  suitable 
open  water.  .Several  years  ago,  before  the  noise  and  activity  became  st> 
great  about  the  Falls  of  St.  Anthony,  a  flock  of  these  diuks  usetl  to 
spend  the  winter  in  the  ^>^>ol  lielow  the  i.-ataract.  There  is  in  the  Uni- 
versity Museum  a  female  sptrinien  of  B.  islandica  taken  at  Min- 
neapolis Jan.  18,  1877.  Heretofore  the  Bucvphahi  fK-curringin  ^^-inter 
has  been  regarded  as  clangula,  and  while  it  is  highly  probable  that 
that  species  does  oc^nr  during  the  winter  months,  the  only  winter  sj^ec- 
imens  that  1  have  examined  thus  far  is  referable  to  islandica. 

36.  Harelda  fflaoielda  (Linn,)  Uavh. — L<)N(;-tailei)  Duck — Occmx  on 

Lake  Superior.  1  have  in  my  collection  two  specimens  kindly  sent  to 
me  by  Mr.  Thos.  W.  Mayhew,  of  Orand  Marais,  (look  Co.  They  wei-e 
taken  at  that  plac4\  one  April  12,  1880,  and  the  other  about  Marcli  1, 
1881.  in  answer  to  an  imjuiry  in  ivganl  to  the  oonurence  of  the 
species.  Mr.  Mayhew  replied  :  **They  are  not  considered  rare  here  in 
winter.  They  make  their  appearance  alx)ut  Octol>er  nearly  everv*  iall, 
and  will  remain  all  winter  if  the  Ijake  is  open ;  where  they  go  when 
the  Lake  freezes  I  cannot  say.  1  think  they  generally  leave  here  about 
May.    The  Indians  call  them  'jack  owly.'  " 

37.  CEdemia  fUsoa,  .SV«/m.    Velvkt  Scotku  Coot. — On  two  occasions  I 

have  seen  ducks,  e^'idently  this  spe«;ies,  in  the  riVer  at  Fort  Snelling, 
once  in  January  and  onee  in  April. 

••HALK-H.\HI)Y. ' 

All  the  species  (except  L«/n*«»  //orcrt/Mp)  heiv  included  under  this  head  breed 
in  the  State,  and  when  the  wintei-s  are  mild  ^)ccur  throughout  the 
the  year. 

38.  Oerthia  fttmiliaris.  /^»/oi— Brown  <.'ueepkk.— A  ver>'  smidl,  inconspic- 

uous bird  that  is  quite  genemlly  overlooked.  May  be  known  by  its  small 
size,  dull  markings,  and  habit  of  creeping  up  the  tnmks  and  limbs  ot 
trees.  In  its  search  for  food  it  always  V)egins  at  the  base  of  the  tree 
and  passes  spirally  upward,  probing  ever>'  small  hole  and  crevice  with 
its  fine,  curved  bill.  Although  sometimes  found  when  the  weather  is 
quite  severe,  it  is  never  numerous  in  the  winter.  (De<\  !•>,  1874  ;  Jan. 
19.  1877:  Feb.  2:^.  1>^78.) 
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39.  Bremophila  alpestris  (Forst.)  /^oiV.— Hokneu  Lark. — A  bird  of  the 

prairie  and  open  countiy,  recognizable  by  the  black  and  yellowish- 
white  markings  on  the  head,  and  black  crescent  on  the  breast,  together 
with  its  quiet  and  unsuspicious  natdre.  It  frequents  roads  along  which 
it  collects  a  large  part  of  its  food.  When  the  season  is  favorable,  the 
sometimes  larks  appear  in  January,  and  by  the  last  of  February,  have  be- 
come numerous  and  are  even  paired  and  attending  to  nesting  duties,  as 
in  the  mild  February  of  1878.  They  can  endure  severe  cold,  and  their 
absence  in  early  winter,  or  sometime  the  entire  season,  is  due  mainly,  in 
seems  to  me,  to  a  scarcity  of  suitable  food  while  the  snows  are  so  frequent 
and  continuous .  As  soon  as  the  ground  becomes  bare  and  slightly  mellow 
in  patches,  however  small,  they  return  and  then  have  the  coldest 
weather  that  comes. 

40.  Lanius  borealis  ( Vieill). — Great  Northern  Shrike  or  Butcher 

Bird. — A  bird  about  the  size  and  general  appearance  of  a  mocking- 
bird, except  that  it  Is  stronger  built  and  has  a  powerful  hooked  and 
toothed  bill.  More  commonly  seen  in  spring  and  fall,  but  occasionally 
occurs  during  winter. 

• 

41.  Oarpodaous  piirpureus  (Gm.)  Gray.— Purple  Finch.— Present  at 

Minneapolis  during  the  mild  winter  of  1877-8  and  occurring  rarely 
colder  seasons  (Fe)j.  20,  1876).  Male  purplish  red,  except  wings  and 
tail  :•  female  and  young  dull-colored  streaked ;  about  six  inches  in 
length. 

42.  Ohrysoxnitrls  pinus  (Wile.)  ^7;.— Pine  Linnet.— A  small  dull  col- 

ored bird  with  concealed  sulphur  yellow  markings  on  the  wings  and 
tail.  Sometimes  common  in  December  and  occurring  occasionally 
throughout  the  winter.    (Dec  25, 1877.  Feb.  2.  1878.) 

43.  Ohrysomitris  tristris.    (Linn,)  fl>;.— Thu^tle  bird  Goldfinch.— 

In  winter  a  brownish  bird  with  black  wings  and  tail,  but  becoming 
bright  yellow  in  spring.  It  has  a  querulous  note,  oft  repeated,  and  to- 
ward spring  a  varied,  pleading  song.  It  sometimes  occurs  during  rath- 
er cold  winters  and  is  generally  common  until  the  middle  of  December. 
(Dec.  11,  1x75,  Jan.  4,  1877,  Feb.  10,  1877.) 

44.  Junous  hyemalis.    (Linn,)  Sol.    Snow   bird.— Dark  slate-colored, 

sharply  contrasted  on  the  breast  with  the  bright  white  of  the  under 
parts.     Seldom  seen  during  winter.     (Feb.  10,  1876,  Jan.  21,  1880.) 

45.  Oorvus  axnerioanuB,  Nu(1.  Crow. — Sometimes  appears  in  considerable 

numbers  in  Februarj'. 

46.  Buteo  borealis,  (Gm,)  Vieill.    Red-tailed  hawk,  hen  hawk. — Un- 

common in  winter,  but  after  a  week  of  mild  weather  in  January  or 
February  it  may  sometimes  he  seen  sailing  about  high  up  in  the  air. 

ACCIDENTAL. 

47.  TxjuPduB  migrratorius,  Linn.    Robin.— Have  heard  of  one  hardy-dispo- 

sitioned  bird  that  successfully  passed  the  winter  of  1877 — 8  about  the 

farm  of  Mr.  J.  D.  Grinus,  near  Minneapolis.  The  season,  however, 
was  uniisuallv  mild. 
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4i^.  Anothura  trofflodytes  hyemalis.  {Vieill.)  Coups.  Wixtek 
WiiKN. — I  am  not.  qnit<;  i>ositive  a^oiit  this  Hivecies  as  ii  winter  bird, 
but  think  that  I  have  somewhere  a  record  of  its  ociiirrence  in  Febru- 
ary, which  I  cannot  now  find. 

49.  Quisoalus  purpureus  sdneus.  Riti;/. — Cuow  Hlackhikd.  Occa- 
Hionally  appears  in  the  (midst  of  cold  winters,  se^uuing  much  mon?  at 
home  than  would  be  ex[>ected.    (Flock  of  four,  Jan.  liJ,  1876.) 

60.  Pica  xnelanoleuoa  hudsonioa.  (Sab).  Coueti.  Magpie.— A  single 
bird  of  this  species  wan  seen  by  Mr.  Nathan  Butler  of  Minneapolis,  in 
the  aouthaest^jm  part  of  Stearns  county,  about  1858.  Other  than  this. 
I  have  Ijeen  able  to  learn  nothing  definite  in  regard  to  its  occurrence, 
although  it  is  a  bird  not  eiisily  mistaken  or  overlooked;  being  fifleen  t(» 
twenty  inches  in  length,  mainly  bhick  with  white  markings  on  side- 
below,  and  with  an  exc*M?dinvfly  long  tail,  tin*  feathers  of  which  ditl'er 
nmch  in  length. 

51.  GallinafiTO  wilsoni.    i7Vw*/«.)  /^/a— Wilson's  Snipe.    Jack  Snipe. 

— IndiWduals  sometimes  ivmain  about  spring,  runs  until  tin*  middle  of 
December  or  even  into  .January  th«'  coldest  winteis.  (T>kr..  Vk  187"». 
I»ei\  15.  1S77,  .Ian.  17.  I879i. 

52.  Anas  boschas.     Linn.     Mallaud  IKjck.     1  have  Ijeen  intbrmeil that 

this  duck  often  n'mains  in  spring  lakes  along  the  Minnesota  River. 

and  I  have  mvself  seen  it  as  lat»'  as  Nov.  'If^,  (1875»  after  a  month  «>f 
severe  wpather. 

In  addition  to  the  fifty-two  specie.s  of  birds  mentioned  above, 
there  are  several  others  which  it  is  more  than  probable  are  found 
in  Minnesota  in  winter,  but  as  the  writer  has  no  knowledge  of 
their  actual  occurrence  here,  they  are  not  included  in  the  present 
list.  Among  these  are  the  following  three  of  which  have  already 
been  attributed  to  the  state:  banded  three-toed  woodpecker. 
Tengmalius  owl,  red-shouldered  hawk,  ptarmigan  and  two  or  three 
waterfowl  that  probal)ly  occur  on  Lake  Superior.  But  even 
though  this  list  be  not  entirely  complete,  it  may  serve,  perhaps,  to 
convey  some  idea  of  the  nature  of  our  winter  avi-fauna  or  to  fix 
the  proper  names  of  a  few  of  the  birds  around  us. 

Thos.  S.  I{oheuts. 

Minneapolis,  Minn.,  March.  ls81. 
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APPENDIX  A 


DETERMINATION   OF   LATITUDE  AND  LON 

TITUDE   IN    MINNESOTA. 


Office  of  U.  S.  Lakb  Survey  / 

Detroit,  Mich.,  Dec.  3.  1880.  S 

Prof.  N.  H.  Winchell,  State  Geologist,  Minneapolis,  Minn.  : 

Sir: — Your  letter  of  the  26th  ultimo  requesting  latitudes  and  longtitudes  of 
points  in  Minnesota  has  been  received.    Absence  has  delayed  an  earlier  reply. 

In  the  followinir  list  the  longitudes  depend  on  that  adopted  for  the  Lake  Sur- 
vey Observatory  at  Detroit,  a«  83®-03'— 08'60.  The  latitudes  were  de- 
termined directly  by  observations  made  with  Zenith  telescope,  except  the 
cupola  of  the  University  where  both  the  latitude  and  longitude  depend  upon 
observations  made  at  St.  Paul. 

LONOTITUDB 
LATITUDS.  W.  OF 

GRBBXWICH. 

Prlmarv  triangulatiou  station  North  Base,  on  Minn.  Point 

nearDuluth 46«-46'— 28.32  92<>-OI'— 38.00 

Easterly  comer  Custom  House,  St.  Paul 44«-fi6'-42.96  98® -OS'— 34.03 

Cupola  University  of  Mii\n.,  Minneapolis 440-58'— 39.28  980-14'— 10.53 

Astronomical  Post,  Court  House  Yard,  Red  Wing 44«-83'-44.16  920-31'-(».25 

Spire  Catholic  church.  Red  Wing 44«-33'-44.64  920-31'— 40.68 

Very  respectfully  yours, 

C.  B.  COMSTOCK, 

Maijor  of  Engineers,  and  Brig.  Gen.  U.  S.  A. 
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APPENDIX  B. 


THE  CUPRIFEROUS  SERIES  IN    MINNESOTA. 


BY  X.  H.    WIXCHKLL. 


[From  tht  PrtxeetUtig*  oi  the  AmtrUaii  AsuocUitiou  fot'  th:  Atlranccmcnt  of  Svieiweffrr 

18«0J. 

The  red  shaleft  ami  sandstones  intt^rstratitied  with  the  igneous  rocks  of  the 
fupriferons  series  along  the  shore  of  Lake  Superior  m  Minnesota,  show  various 
tages  and  kinds  of  nietamorphisin.  Wliile  in  some  places,  as  at  Good  Harboa 
bay,  they  are  not  much  changed  by  contact  with  the  igneous  layers  separating 
them,  in  other  places,  they  show  a  broken  stratification,  and  a  tough  and  silice- 
ous texture,  as  at  Tischer*s,  near  Duluth,  where  these  lieds  are  finely  and  angu- 
larly jointed,  have  a  red  color  and  sometimes  a  jaspery  or  conchoidal  fracture. 
In  other  places  they  take  on  a  dull  brown  color,  passing  to  a  greenish-brown. 
becoming  slaty  and  finn,  or  when  in  elose  proximity  to  igneous  dikes,  becoming 
black,  dense  and  basaltiform,  as  at  points  east  of  Grand  Marais.  In  the  segre- 
gation of  minerals,  the  first  to  appt^ar  ai-e  calcite  and  laumontite.  These  are 
disseminated  with  varying  abundance  through  the  shaly  layers,  as  well  as 
through  the  aluminous  and  re<l  conglonierutes,  as  seen  at  the  mouth  of  the 
Maniton  river  and  at  numerous  other  places.  They  gather  in  seams,  or  in  cer- 
tain parts  of  the  mass,  or  in  the  form  of  amygdules  throughout  the  thickness  of 
the  ezposetl  layers.  This  formation  of  laumontitic  amygdaloids  is  particularly 
noticeable  in  those  layers  whose  thickness  is  from  a  foot  or  two  to  twenty-five  or 
thirty  feet,  and  sonietimCH  several  may  be  si»en  alternating  in  the  sam(?  bluff,  or 
in  a  few  rods  along  the  shoi*e,  with  b«»(ls  of  undoubted  doleritic  rock,  as  on  the 
west  coast  of  Agate  bay,  whei*e  may  be  seen  five  layei*s  of  igneous  rock  with 
four  alternating  layers  of  crumbling,  thin-be<Medliuimontitic  amygdaloid,  styltMl 
* 'volcanic  grits''  by  Norwood. 

These  amygdaloids  ai'e  veiy  susceptible  to  the  tlestroying  action  of  thp  waves 
and  of  the  atmosphere,  and  their  disinteurnition  is  the  immediate  cunse  of  many 
of  the  purgatones  and  isolated  ai-ched  l>eds  of  tniprock  thiit  ornament  the  north 
shore  of  lake  Superior. 
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When  the.source  and  supply  of  the  heat  were  more  continuous,  involving  great- 
er thicknesses  of  the  sedimentary  beds,  the  sihceous  material  was  more  thoroughly 
fused  and  disseminated  among  the  other  elements.  The  more  limited  supply  of 
air  and  water  at  these  greater  depths,  seems  to  have  produced,  at  least  is  coin- 
cident with,  a  greater  abundance  of  felspathic  material,  instead  of  calcite  and 
the  hydrous  zeolites,  throughout  the  sedimentary  layers.  Thus  the  whole  is 
sometimes  changed  to  a  non-differentiated  ferruginous  felsite.  When  the  pro- 
cess was  carried  a  little  farther,  crystals  of  red  orthoclase  appear  in  the  mass,  or 
of  orthoclase  in  the  form  of  translucent  adularia,  as  in  the  rock  of  the  *' great 
palisades."  When  the  metamorphism  is  carried  still  farther,  involving  in  its 
slower  progress  large  thicknesses  of  the  red  sedimentary  shales  and  sandstones, 
thep  become  almost  wholly  crystalline,  as  seen  in  the  red  bluff  that  incloses 
Beaver  bay  on  the  west,  and  in  the  red  gramte  bluff  a  few  miles  east  of  Beaver 
bay.  The  relationships  of  these  changes  with  one  another,  and  to  the  igneous 
rock,  are  evident  at  numerous  places  along  the  shore  between  Duluth  and  Grand 
Portage,  and  on  Isle  Royale;  and  their  significance  and  application  to  the  strati- 
jfraphic  geology  of  the  northeastern  part  of  the  state  are  very  important.  On 
passing  inland  from  the  lake  shore  back  of  Grand  Marais,  and  up  the  Devil's 
Track  and  Brule  rivers,  the  red  semi-metamorphic  slates  of  the  shore  can  be  fol- 
lowed over  a  wide  extent  of  territory,  gradually  becoming  more  changed  and 
crj'stalline,  in  receding  from  the  lake  shore.  They  pass  into  red  granite  an«l 
^eiss  (homblendic)  which  rises  in  conspicuous  hills,  and  shows  perpendicular 
exposures  along  the  lakes  and  sti*eams,  sometimes  several  hundred  feet  high,  as 
at  Brul6  mountain,  and  at  Misquah  lake  (T.  64.1  W.,  Sec.  22).  In  some  places 
this  highly  crystalline  condition  of  this  red  formation  is  seen  to  give  place  sud- 
denly to  areas  of  igneous  rock  of  a  dark  color,  and  showing  a  very  different  min- 
eral composition,  and  then  to  return  again.  This  takes  place  sometimes  on  the 
high  hills,  the  two  kinds  of  rock  alternating  superficially  in  irregular  patches,  as 
at  Duluth,  and  at  Duck  lake  and  Frog  Rock  river  on  the  portage  trail  from 
Little  Saganaga  lake  to  the  head  waters  of  the  Temperance  river,  in  the  north- 
eastern comer  of  the  state.  Sometimes  the  tilted  red  sedimentary  beds  seem 
to  be  overlain  bj'  the  igneous  rock  and  sometimes  underlain  bv  it,  the  red  rock, 
when  consisting  of  sandstone  at  first,  having  been  hardened  into  a  quartzite. 
Several  tilted  red  quartzite  hills,  very  similar  to  the  quartzite  hills  at  New  Ulm 
and  in  Cottonwood  and  Rock  counties,  occur  in  this  connection  at  Duck  and 
Wind  lakes,  their  relation  to  the  igneous  rocks  being  most  perfectly  exempUfied. 
Sometimes  this  red  quartzite  becomes  micaceous  and  also  felsitic,  as  may  be  seen 
at  Wind  lake.  The  great  extent  and  the  more  intense  metamorphism  of  this 
red  formation,  in  the  country  lying  to  the  north  and  west  of  Lake  Superior,  ac- 
companied by  larger  belts  of  the  igneous  rock,  more  coarsely  crystalline,  not 
only  shows  that  the  seat  and  source  of  the  igneous  action  was  there  instead  of 
in  the  basin  of  the  lake,  but  also  that  it  was  longer  continued.  It  implies  also, 
that  a  similar  modification  of  these  beds  may  be  looked  for  throughout  the  north- 
west, wherever  the  formation  is  known  to  have  been  upheaved  by  igneous 
forces,  although  the  igneous  rock  itself  may  be  wanting. 

Northwest  of  Lake  Superior  the  igneous  rock  forms  the  main  watersheds, 
rising  in  two  main  ridges,  or  ranges  of  mountains  that  mn  southwestwardly. 
one  known  as  the  Mesahi,  and  one  as  the  Sawteeth  mountains,  though  the  for- 
mer name  is  not  restricted  to  this  belt  of  high  land.  The  width  of  the  belt  of 
metamorphic  red  shales  and  sandrock,  associated  with  the  igneous  rock,  is  about 
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thirty  miles  in  a  right  line,  extending  from  the  head  watery  of  the  IJnile  and 
Temperance  riven?  to  the  shore  of  Lake  Superior.  The  Sawteeth  range  ot 
mountains,  which  is  that  nearer  the  Lake  Superior  shore,  dies  away  in  passing 
to  the  southwest,  and  the  Mesabi  belt  of  igneous  outflow  approaches  the  lake 
shore,  appearing  at  Dulutli  in  the  form  of  the  "Rice  Point  Granite."  The 
tilted  red  shales,  conglomerates  and  sandstones  at  Fond  du  Lac,  a  few  miles 
west  of  Duluth,  are  the  same  as  those  seen  associated  with  the  igneous  rock  all 
along  the  shore.  They  lie  there  on  a  whit-e-quartz,  pebbly  conglomerate,  of  a 
few  feet  in  thickness,  which  lies  unconfoimably  on  the  roofing  slates  of  the 
Huronian,  the  same  formation  that  succeeds  to  the  red  rock  formation  toward 
the  northwest,  at  Ogishke  Muncie  and  Knife  lakes,  northwest  of  Grand  Marais. 

The  mineralogical  chai-acters  of  these  belts  of  igneous  rock,  which  form  some 
of  the  main  features  of  the  topography,  seem  to  ally  them  to  the  Norian  roiks 
of  T.  S.  Hunt,  and  to  the  Labradorite  rocks  of  Canada.  At  least  if  they  be  not 
the  western  extension  of  those  fonnations,  then  those  formations  have  not  yet 
been  discovered  in  Minnesota.  But  several  traverses  have  been  made  of  the 
country  northwest  of  Lake  Superior,  for  the  puipose  of  geological  examinations 
without  finding  anything  that  is  at  all  comparable  to  those  formations  if  it  be  not 
the  rock  of  these  hill  i-anges.  The  rock  consists  generally  of  some  feldspar, 
which  at  Duluth  has  b(?en  found  to  he  labradorite  in  large  per  cent.,  and  at  some 
places  constituting  over  ninety  per  c<»nt.  of  the  mass,  with  varying  proportions  of 
augite  or  magnetite,  or  magnetic  menaccanite,  with  various  accessory  ingre- 
dients, or  minerals  that  res\ilt  from  change.  It  is  massive,  firm,  dark-colored, 
and  rises  in  low  mountain  ranges,  as  already  stated.  If  its  relation  to  the 
red  granites  and  gneisses  with  which  it  is  accompanied  were  not  so  evident,  by 
simply  noting  the  changes  trom  the  lake  shore  northwestwardly,  it  would  hard- 
ly l>e  presumed  to  be  a  parallel  of  the  igneous  rocks  of  the  coast,  any  more  than 
the  red  gneisses  and  quartzites  would  be  of  the  shales  and  sandstones  that  are 
interbedded  with  them  at  the  coa^t.  So  far  as  yet  examined,  these  Labradorite 
rocks  contain  no  bands  of  limestone,  which  is  due  probably  to  the  fact  that  the 
Cupriferous  Series  in  the  northwest  is  not  known  to  contain  any  beds  of  lime- 
stone. In  the  al>8ence  of  this  element,  and  in  this  only,  so  far  as  can  be  judgeil 
by  the  writer,  these  Labradorite  rocks  seem  to  differ  from  the  Labradorite  rocks 
of  the  **  Upper  Laurentian  "  of  Canada. 

Tnferentially,  therefore,  the  so-called  *'  Upper  Laurentian "  containing 
Eozoon  Canadense,  seems  to  parallelize  with  the  igneous  rocks  of  the  Cuprif- 
erous Series,  or  rather  with  the  modified  interbedded  sedimentary  portions  of  it^ 
and  hence  the  Eozoon j  instead  of  being  truly  a  Laurentian  organism,  seems  to 
he  one  of  the  Cambrian  or  Lower  Silurian.  The  abundant  graphite  of  the 
''Laurentian*'  which  pointed  the  way  to  the  prediction  of  organisms  in  that 
formation,  is  also  found  in  the  modified  quartzites  and  shales  of  the  Cupriferous 
Series  in  perhaps  equal  abundance  in  the  State  of  Minnesota. 
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APPENDIX  C. 


AN  ANCIENT  OUTLET  OF  LAKE  MANITOBA. 


St.  Paul,  Minn.,  May,  25th,  1881 
Professor  Winchell^  Minnesota  State  Geologist^  Minneapolis,  Minn,: 

Sir: — ^The  following  items  relating  to  a  supposed  outlet  of  Lake  Manitoba 
into  the  Assiniboine  river,  and  other  data,  I  have  gathered  from  old  journals 
(1874)  and  note  books.  The  information  is  not  as  complete  as  I  would  like,  but 
whatever  you  find  herein  I  ca<i  vouch  for.  All  the  elevations  given  in  this  com- 
mimication  are  referred  to  a  datum  plane  100  feet  below  the  bench  mark  on 
Hjggin's  store  on  Main  street,  Winnipeg,  Manitoba,  and  which  is  thirty-four 
(34)  feet  above  the  level  of  Lake  Superior.  The  lots  mentioned  as  being  on  the 
banks  of  the  Assiniboine  River  are  those  of  the  Canadian  government  surveys 
of  half-breed  claims,  as  shown  on  the  maps  of  the  Dominion  land  office  in 
Manitoba. 

In  the  Parish  of  Baie  St.  Paul's  and  a  short  distance  west  of  the  big  bend  in 
the  Assiniboine  River  known  as  the  Bay,  a  narrow  strip  of  water  about  six 
miles  long  and  in  no  place  over  a  mile  wide  forms  what  I  take  to  be  the  end  of  a 
former  outlet  of  Lake  Manitoba.  It  is  known  as  Long  Lake,  and  varies  in  depth 
from  six  inches  to  six  feet.  The  south  end  is  about  a  quarter  of  a  mile  from  the 
river.  It  runs  northerly  about  two  and  a  half  miles  and  then  turns  abruptly 
and  runs  a  little  north  of  west  for  about  three  and  a  half  miles.  At  the  west 
end  of  Long  Lake  a  creek  (Long  Lake  Creek)  fiedls  into  the  lake.  Going  up  the 
creek  we  run  nearly  due  west  for  about  one  and  a  half  miles,  then  the  creek 
takes  a  southerly  bend  for  about  two  miles,  then  westerly  about  four  miles. 
This  is  the  course  of  the  creek  proper;  from  its  head  there  is  a  depression  with 
a  north-westerly  trend  gradually  rising,  having  several  branch  depressions  run- 
ning northerly  and  north-easterly,  and  southerly  and  south-westerly.  The  sum- 
mit of  this  main  depression  is  from  two  to  four  feet  lower  than  any  other  point 
of  the  water-shed  between  Lake  Manitoba  and  the  Assiniboine  River,  with  an 
approximate  elevation  of  150  feet  ^above  datum.  The  depression  beyond  the 
summit,  and  having  the  same  trend,  becomes  more  and  more  defined  as  we  go 
on,  until  it  forms  a  cooley,  or  dr}'  run,  which  leads  into  a  smaU  branch  of  the 
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creek  east  of  Portajfe  creek,  which,  for  the  sake  of  di«tinotion,  [  have  calh'il 
DufiPerin  creek  and  which  fall:^  into  Lake  Manitoba  with  a  very  slight  current. 
The  banks  of  this  creek  are  low  and  shelvinjf,  having  a  slope  of  about  4  to  1. 
From  the  cooley  before  mentioned  thei-e  are  several  branch  cooleys,  possibly  con- 
necting with  branches  of  Portage  creek.  To  explain  why  1  am  led  to  Imlieve 
Long  Lake  to  be  the  remains  of  an  ancient  water  coni*3e,  T  will  give  the  actual 
levels  taken,  referred  to  the  datum  line  mentioned  pi-eviously. 

Feet. 

Elevation  of  Lake  Manitoba  and  marsh  sun-ounding  south  end 148.90 

>K)ttom  of  Dutterin  creek  at  a  point  al>out  one  and  a  half 

miles  south  of  township  line 148.J^ 

top  of  bank  of  Dufferin  creek  at  same  point 164.84 

Dutterin  creek  is  here  about  nine  inclies  deep. 

lowest  point  of  ridge,  (approximately) 150.00 

Klevation  of  Long  Lake l.^.S-*) 

**  Land.  15  chains  fn)m  Long  Lake,  southea.«{terly 139.44 

••      *'      25  *'  **  '•  140,04 

"        *•  top  of  bank  of  Atsinibonie  river  at  centi-e  of  lot  142 146.28 

*'  Assiniboine  river  at  centre  of  lot  142 184.1'^ 

The  immediate  banks  of  liOng  Lake  Creek  ai-e  from  six  to  ten  feet  high,  slop- 
ing 1}{  to  1.  The  ground  on  the  north  slopes  gradually  upward  to  a  gravel 
ridge  for  the  first  two  miles.  This  ridge  is  probably  six  to  eight  feet  above  the 
immediate  bank  of  the  ci-eek.  The  ground  to  the  south  also  slopes  gently  up- 
ward, commencing  to  slope  however  some  distance  from  the  creek.  The  im- 
mediate banks  of  Long  l^ake  are  from  six  to  ten  feet  high,  sloping  up  gradu- 
ally. At  the  south  end  of  Ijong  Lake  there  is  a  channel  running  westward  for 
three  miles,  and  then  losing  itself  in  the  prairies.  There  is  also  a  slight  depres- 
sion running  southeasterly  towards  the  river.  The  only  objection  that  can  be 
raised  regarding  this  being  an  ancient  o\itlet  of  Lake  Manitoba,  is  that  the  im- 
mediate banks  of  the  Assinilwine  river  are  al>out  nine  feet  alK)ve  the  present 
level  of  the  water  in  rx)njr  Iiake.  b\it  the  ridges  forming  the  channel  of  the  sup- 
posed old  watercourse  are.  I  am  strongly  inclined  to  b«'lipve.  in  no  place  lower 
than  fifteen  feet  above  the  level  of  Long  I^ake. 

The  following  extracts  may  \ye  found  useful : 

October  1,  1874.  Elevation  of  B.  M.  on  wall  of  second  store  below  the  Davis 
house,  (Higgins'  store)  in  Main  street.  Winnipeg — 100  feet  above  datum  eleva- 
tion of  B.  M.  on  southeast^comer  of  plinth  of  Fairbanks'  weighing  machine, 
about  100  yards  south  of  Hudson  Bay  Company's  store  at  Winnipeg  is. .  05.59 

Elevation  of  top  of  bank  of  Red  and  Assiniboine  at  junction 95.36 

**  ordinary  summer  level  of  Assiniboine  river 68.40 

*'  present  level  of  Assiniboine  river 65.79 

Note. — The  last  two  elevations  were  taken  at  the  junction  of  the  Assinil)oine 
river  with  the  Red  river  of  the  north. 

Elevation  of  level  of  river  Assinilx)ine  at  mouth  of  Colony  creek 65.83 

October  2,  1874.    Elevation  of  river  Assiniboine  at  road-crossing  between 

lot8'71  and  72,  in  parish  of  St.  James 68.18 

Elevation  of  river  Assiniboine  (ordinarj'  summer  level)  at  same  point  as 

above 68.97 
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Elevation  of  river  Assiniboine  (ordinaiy  spring  level)  at  Rame  point  a« 

above 77.05 

Elevation  of  river  Assiniboine  (ordinary  Hpring  flood)  at  same  point  as 

above 82.61 

The  summer,  spring  and  flood  levels  are  very  rough,  being  pointed  out  by  a 
settler  and  may  not  be  relied  on  to  one  foot.  Banks  high  and  abrupt,  com- 
posed of  sand  and  clay  in  mechanical  combination.  Near  the  west  end  of  lot 
41  in  the  parish  of  St.  James,  a  great  number  of  boulders,  from  two  to  three 
feet  in  diameter  of  a  decided  granite  nature  appear  on  the  north  side  of  the 
river.  Banks  are  twenty  feet  high,  very  abrupt,  composed  of  clay  and  sand, 
mixed.  An  exposure  of  the  bank  of  the  Assiniboine  river  on  the  south  side, 
near  lot  53  in  St.  James'  parish,  shows  five  feet  of  loam  and  eight  feet  of  sand. 
The  sand  evidently  extends  far  below  this.  The  stones  in  the  river  are  prin- 
cipally lime  and  conglomerates,  (with  scattered  basalt  boulders.) 

October  5th,  1874.  Sturgeon  creek,  near  its  junction  with  the  Assiniboine 
river,  has  no  regulai*  channel,  the  ground  on  all  sides  being  cut  up  with  sloughs. 
It  is  evidently  a  serious  torrent,  when  swollen.  Elevation  of  water  level  of 
Sturgeon  creek,  at  bridge,  about  half  a  mile  from  Assiniboine  river.  90.%  above 
datum.  Elevation  of  water  level  of  Assiniboine  river,  at  mouth  of  Sturgeon 
creek  (the  boundary  between  the  parishes  of  St.  James  and  St.  Charles),  83.34 
above  datum. 

October  8th,  1874.  Elevation  of  water  level  of  Assiniboine  river  at  the  cross- 
ing of  the  ** Winnipeg  meridian,''  in  the  parish  of  Headingly,  94.50. 

October  9th,  1874.  Elevation  of  bank  of  Assiniboine  river,  at  lots  202-208,  in 
parish  of  St  Francis  Xavier,  is  122.55.  Elevation  of  top  of  secondary  bank  ia 
114.00,  and  elevation  of  water  level  of  river  at  same  x>oint  is  99.01  above  datum. 

October  13th,  1874.  Exposure  of  north  bank  of  Assiniboine  river,  near 
church  of  St.  Francis  Xavier: 
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Decayed  leaves  and  mould. 


Sand  and  Hay,  niechanieally  combined. 


Sand  and  mould— mould  predominating. 


Sand  and  clay— <*lay  predominating. 


Lime  and  Hand. 


Sand  and  clay— sand  predominating. 


Clay  and  Hand— clay  predominating. 


I 
<■ 


ri 


Clay  and  sand — equal  iiiixtul'e. 


(May  and  a  little  HaTul. 


Pure  Hand— bed  of  river. 


Elevation  of  the  top  of  bank  Hve  (5)  chainH  below  St.  Francis  Xavier  church 
h  121.67.  Elevation  of  water  level  of  river  Asniniboine,  at  same  point,  is 
102.95. 

October  20th,  1874.  In  lot  230,  in  Parish  of  Baie  St.  Pauls,  the  top  of  bank 
of  river  Assiniboine  is  182.67  in  elevation  above  datum.  Elevation  of  water  in 
river  at  same  point  is  117.15. 

October  24th,   1874.     Elevation  of  water-level  of  Lon^  lake,  in  parish  of 
Baie  St.  Pauls,  186.85.    Elevation  of  land  15  chains  S.  E.  from  Long  lake, 
189.44.    Elevation  of  land,  25  chains  S.  E.  from  Long  lake,  140.04.    Elevation 
of  top  of  bank  of  river  Assinilx>ine,  at  center  of  lot  142,  in  parish  of  Baie  St. 
Pauls,  146.28.    Elevation  of  water  in  river  Assiniboine  at  same  point,  184.18. 

August  16th,  1875.  The  valley  of  the  Assiniboine  river  at  Fort  Ellice  is  about 
a  mile  and  a  half  wide,  with  very  steep  slopes.  It  seems  to  be  one  big  marsh, 
in  which  any  quantity  of  alders  and  willows  flourish,  and  in  which  the  winding 
river  flows  in  its  course.  Tlie  river  is  nearly  as  broad'  and  presents  the  same 
appearance  as  it  does  near  Fort  Gkurry.  Elevation  of  B.  M.  on  northwest  cor- 
ner of  the  Hudson  Bay  Company's  store  at  Fort  Ellice,  822.28. 
26 
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Valluj  of  tile  AsHiniboiiie  river  al  Fort  Klliw  is  )i30J>  feet  ilff|p.  Valley  r>l 
Snake  creek,  near  Fort  Elliee,  and  on  an  east  and  west  line  thereof,  i"  loS-O  feet 
deep.  Valley  of  Bird  Tail  creek,  about  twelve  niiles  from  Fort  EUice,  anA  <m 
an  Pail  and  west  line  tliPrefroin,  is  150.B5  feet  deep. 

I  have  the  lionor  to  lie,  voni's  very  trulv, 

H.  S.  TREHEHNh. 
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Mississippi  River,  discharge  of '318 

Miscellaneous  publications 94 

Modified  drift  and  loess 427 

Moraine,  the  terminal  in  Steele,  Waseca  and  Free- 
bom  Counties i384 

Moose  Lake 165 

Mount  Josephine 151 

Morrison's  Bay 159 

Mountain  Lake 166 

Mud  Lake 169 

Mud  River 326 

Museum,  specimens  registered  in  1880 215 

Nobles'  mining  location 191 

North  Fovjrl  Lake 165 

Norway  Lake 1356 

Number  of  lakes  in  Minnesota 338 
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Oak  Portage 
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Organic  impurities  in  well-water 

Origin  of  the  lakes 

Omithology,  report  of  Dr.  Hatch 

Otter-Track  Lake 
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Palisades 

Palseontology 
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Ptosabika  River 

Pelican  Lake 

Pennanency  of  lakes 
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PSgeon  Point  Peninsula 

Pike'River 

Pine  Lake 

Pine  River 82H 

Pipestone  Rapids 

Pipestone  River 

Pkigioclase 
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Pomme  de  Terre  River 
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Prehnite 

Prairie  River 325 

Publications  of  the  Nat.  His.  Survey 
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Rat  Lake 
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Sandy  Lake 200 

Sandy  Lake  River 
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Savannah  River 

Saponite 

Section  along  the  Valley  of  the  Qu'  Appelle  River. . . 

Shrubs  in  the  upper  Mississippi  region 

Sickle  Bay 

Simond's  Gold  Location 

Silver  Creek 

Solids  in  solution  in  well  water 

South  Lake 

South  Fowl  Portage 

Split  Rock  River 

Specimens  registered  in  the  museum  in  1880: 

Geological  and  Mineralogical 

Zoological 

Archaealogical 

Stilbite 

Streams  of  the  upper  Mississippi  region] 

Strophomena 

Strophotnena  Minneaotensis 

St.  Louis  River 

Sucker  Bay 

Sugar  Loal*  Point 

Sucker  Lake 

Summary  Statement 

Susie  Island 

Syenite 

Squagemaw^Lake 

Temperance  River 

Terrace  Point 

Terry,  C.  M.,  report  on  Hydrology 

Terminal  Moraines 

Terminal  Moraine  from  Coteau  des  Prairies  to  Coteau 

du  Missouri 

Tests  of  the  qualities  of  water 

Thalite 

The  Mississippi  River  system 

The  Glacial  Drift 

The  Coteau  du  Missouri 

The  Blue  Hills  and  the  Mesabi  Range 

Thomsonite 

Tischer's  Creek 

Trees  of  Kandiyohi  County 

Trees  at  the  White  Earth  Agency 

Topography  of  the  upper  Mississippi  region 

Twin  Lily  Lakes 

Two  Harbor  Bay 

Two  Islands 

Upham,  Mr.  Warren,  rejwrt  of  progress 

Upper  Mississippi  Region 
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Value  and  Utility  of  Lakes 347 

Vermilion  Lake 186 

Waaswaugoning  Bay 153 

Washington  Lake 352 

Water  Supply  of  the  Red  River  Valley 256 

West^Battle  Lake 366 

Whetstone  River 329 

White  Rose  Vein  of  SUver 167 

Wild  Rice  River 312 

Wild  SwanTRiver 325 

Willow  River 310-326 
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ERRATA  FOR  THE  GEOLOGICAL  REPORT  FOR  1880. 


[NoTK— TheKc  errata  may  be  made  iu  tlie  Regents'  Report  by  adding  90  to  the  pagiug 
given,  below,  j 

Page  11.  At  the  end  of  the  eleventh  line  add,  vide  No.  42. 

18.  Fourteenth  line — for  nearly,  read  mainly. 

17.  Fourteenth  line — for  heary-darl%  green,  read  heavy,  dark-green. 

21.  Twenty-first  line — for  their,  read  thin. 

21.  'llie  third  line  should  be^the  first  line. 

41.  Thirty-seeond  line — for  and  igneous,  read  igneous  iuid. 

42.  Thirteenth  line — for  easily,  read  evenly. 
4^.^.  Thirty-fifth  line — for  drift,  road  dip. 

46.  Twentieth  line — at  the  end  of  the  line  add,  ( ?). 

48.  Next  to  the  hist  line — after  **up"  insert,  almost  entirely. 

49.  Twenty-first  lint — for  Branch,  read  Beach. 

54.  Lines  thirty-four  and  thrity-six — for  814  and  815,  read  214  and  215. 

55.  T«»nth  line — dele  paragraph  and  read.  No.  214  is  of  similar  rock,  etc. 

56.  Twelfth  line — for  north,  re»ad  mouth. 
60.  Eighteenth  line — for  there,  read  these. 
6:3.  Fourteenth  line— for  161,  read  261. 
72.  First  line— for  (No.  5),  read  (N .  &  S. ) 
78.  Next  to  last  line— for  '*Af "  read.  Ji'. 

80.  Thirteenth  line — after  '^Duncan's  lake,"  insert  is. 

82.  Last  hne—i'or/J'JI  read  727. 

105.  Twenty-sixth  line — for  Verfnilion  Lake  reatl  Lake  Superior. 

122.  Next  the  last  line— for  -^3522  (199)  read  8522  (—199). 

170.  Thirtieth  line — for  organic  of  the,  read  of  the  organic. 

224.  Fourth  line — for  is  read  are. 

224.  Thirteenth  line — after  raised  insert  it. 

2:34.  Twenty-first  line — {ox  from  read  join. 

288.  The  first  four  lines  should  be  inserted  before  the  last  line  on  page  287. 

8:37.  The  foot  notes  should  exchange  places. 

890.  The  last  two  lines  should  appear  as  a  heading,  to  explain  the  dia- 
gram on  the  next  page. 

Several  minor  errors  will  easily  be  coiTCcted  by  the  reader. 


PLATE  I. 

Fife.  1.    Old  Fortification  or  Camp,  Town  1:^5  N.,  Range,  M  W.,  about  sec.  27. 

Surveyed  in  186V,  hif  0.  E.  Garrison. 

Fig.  2.    Diagram  of  Pokegama  Falln,  in  plan  (A.)  and  .section  (B.)    The  num- 
bers in  **B"  refer  to  samples  of  i-ock  tmnHmittecl  with  the  report. 

0.  R,  Gnrriaon,  1880, 


Fim.  Z.  —  POHCBAUA     Falls. 


PLATK     I. 


PLATE  II. 


Fur.  1 .     Prairie  Kiver  Falls.    Town  06  N . ,  Range  25  W . ,  4th  Mer. 

Fijf.  2.  Section  below  the  mouth  of  the  Prairie  River  on  the  bluffs  of  the  Mis- 
sissippi. 1.  Sandy  loam.  2.  Pebbles  and  small  boulders.  3.  Light 
colored  fine  sand.  4.  Yellowish  sand  banded  with  reddish  layers  and 
river  mud,  and  having  spnngs  of  water.  5  and  6.  Red  and  blue  clays. 
7.     Boulder  clay. 

Fig.  S.  Bed  of  stratified  clay  shown  in  section  of  the  bluif  of  the  Missisaippi 
Wow  the  mouth  of  Sandy  River,  (a.)  unstratified  clay;  (b.)  stratified 
and  jointed  clay;  (c.)  like  Fig.  2.;  1  and  2,  surface  of  water  in  river. 
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PLATE  III. 

Sections  across  the  Mississippi  and  Minnesota  valleys: 

No.  1.    Transverse  section  of  the  Minnesota  valley  at  Big  Stone  lake. 

No.  2.    Transverse  section  of  the  Minnesota  near  Mankato. 

No.  3.    ^fransverse  section  of  the  Minnesota  at  Foi-t  Snelling. 

No.  4.    Transverse  section  of  the  Mississippi  valley  l>elow  Fort  Snellinir. 

Numbers  in  the  vertical  scale  show  heights  above  the  sea. — [Frotu  Wan-fii'v 
Report  OH  Bridging  the  Mississippi.  ] 


PLATK    111. 


PLATE  IV. 

StMrtions  acrcwH  the  MknisHippi  and  MinnefioUi  valleys: 

No.  ] .    Tmnsverse  section  of  the  MissiKsippi  valley  above  Kort  SnellinK. 

No.  2.     Transverse  section  of  the  Mississippi  valley  at  Hastings. 

No.  '4.    lVansvei>5e  s«?ction  of  the  Mississippi  valley  at  Lake  Pepin. 

Nunibei*s  in  the  vertical  scale  show  heiKht«<  above  th*»  s^a. — j  Ft'omWarretCtt 
/if port  on  Bi'iff(/ing  the  Mhsijifiippi.  / 


'M        '/Z  I  Mile 


i'l^Avy.  IV. 


PLATE  V. 


'IT 


rhe  upper  Mississippi  region  reduced  from  a  map  by  0.  E.  Garrison: 

Explanation. 

a.  Line  north  and  east  of  which  the  chai-acteristic  tree  is  the  white  pine. — 
P.  Strobus. 

b.  Line  inchidinK  a  I'eg'ion  in  which  the  characteristic  tree  is  the  white 
pine. — /*.  Strobuit. 

c.  Tjine  inchidin^  a  region  in  which  the  characteristic  tree  is  the  black 
pine. — /*.  Baiik-»iana. 

d.  Line  surrounding  a  tract  in  which  the  characteristic  tree  is  the  white 
cedar. — Thnjn  orndentalift. 

II .     Granite  outcrops. 

=    Sandstone  outcrops. 

The  usual  symbol  represents  hills  and  blufts. 
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PLATE  VI. 


'I'll*' Loursj*  oftlit' 'IVniiinijI  M(»iiiinvs.  hy  Wiinvn  Uphaiu. 

Fiir.  1.  Kj'plamttion.  Tcrmiiiul  Jind  Mnduil  Moraines  a r«'  iiulicated  by  «I«»ttf«l 
ho\t^;  paralU'l  (>bli'ju«>  liiu*s  mark  Xhf  I>rittlHSs  Ah'h:  ami  dotte*)  liii»*> 
and  arrows  show  tlu*  <linNti«^n  ot'JhK-ial  rnrrents. 

FiiT.  2.  Map  of  the  re<rion  nf  Lukes  l^^iiton.  Shaokatan  ami  Hendricks.  A'.r- 
jtia nation.  Temiinal  ]\ifiraiiie  and  (Uacial  Oiments  air  indicatt^d  a^  in 
Fijjfurel.  The  ridge  of  tlie  moraine  is  intors»»cted  ]»y  remarkable  e)»aii- 
nels  wliioh  extend  >nnthwestward  from  these  lakes. 

Fiir.  3.  S»*cti(>n  across  the  (Joteau  ih^r^  Prairies  in  Yellow  Medieira*  c«»nnty. 
Minne-.nta.  an<l  Deuel  and  Oodintrton  enmities,  Dakotsi. 
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ADDITIONAL  ERRATA  TO  TRE  GEOLOGICAL  REPORT. 


(NoTi    -These  errata  may  be  made  in  the  Kegenls'  Rerf>rt  1>\  luldin;^  oo  to  tho  ])a?;ini; 
given  below.] 

Tagi:   12.  line  two.  for  thUi  read  their. 

21,  line  twenty-nine,  for  eaf*t  the  of  read  the  ejL*»t  of. 

29,  the  third  line  should  be  first. 

36,  line  15,  after  cant  insert  side. 

49,  line  thirty  two,  for  alterations  rea<l  alternations. 

83,  line  seven,  for  kitic  read  kind. 

115.  line  two.  for  Brachipoda,  rea<l  BrachiopxKla. 

115,  last  line  but  one,  for  large  read  larger. 

118,  line  twenty,  for  Orthimdnl  read  Orthisidie. 

120,  last  line,  for  Jams  read  Jaines. 

177,  line  thirty-four,  for  we.  read  town. 

179,  line  two.  for  j)uc€«  read  pebbles. 

179,  line  32,  for  one  mile  read  one-half  ndle. 

1H4,  line  two.  for  diMoveriiuj  n*ad  descending. 

185,  line  four  from  the  bottom,  takeout  the  superfluous  word  end.  ami  insert  of  lake 

1J»3,  line  fifteen  from  bottom,  for  mnd  read  laud. 

1.^,  line  six,  for  thrcr  miles  read  three-fourths  ndle. 

im,  line  five  from  the  bottom,  after  kaviim,  insert  oue  a  short  di:»tanee  below.. 

194,  hist  line,  after  a  insert  more. 

2o5,  the  paragraph  beginning  "'TluTe  are  se\eral  tracts,"  should  be  inserted  after 

the  paragraph  on  page  206  beginning,  "West  and  south  of,'' 

20ti,  iu^the  first  paragraph  strike  out  all  after  the  word  "interspersed"  and  insert  the 
following  :  "The  line  of  d:ishes  separated  by  two  dots  (a)  indicates  the  wes- 
tern and  southern  boundary  of  the  region  where  the  white  pine  is  the  charac- 
teristic tree,  and  the  nortliern  and  easteni  boundary  of  the  sandy  black  pine 
e^untr>' ;  while  the  line  ic)nmning  near  the  Northern  Pacific  railroad  from 
near  Verndale  northwestward,  and  the  line  (b)  from  near  Verndale  to  the 
southern  nmrgin  of  t lie, map,  reijresent  the  approximate  division  between  the 
last  and  the  region  of  de<'Iduous  trees,  which  extends  southw:ird  beyond  the 
area  of  the  map. 

219,  twenty-sixth  line,  for  ajew  Uwaliticn  frnving  read  the  few  localities  herein. 

223,  lines  four  and  five  from  the  bottom,  for  five  hundred  atid  seventy-triic  miUion$ 
read  five  thousand  seven  hundred  and  sixty  millions. 

227,  twelfth  line  from  the  bottom,  for  nnd»  read  find. 

230,  line  sixteen,  for  neecMarily  increaifes  impot-tance  read  of  necessarily  increased 
importance. 

230,  lioe'seventeen,  for  cradles  read  cradled. 

,  line  eighteen,  for  transport  read  traiLsports. 


ADDITIONAL   ERRATA. 

PA(iK  232,  line  eighteen,  for  1810  read  1820. 

230.  line  fonrteen.  for  drains  road  dams. 

244,  line  twenty-two,  for  threr  mile  read  one  mile. 

250,  tlie  word  not,  end  of  the  twenty-third  line,  should  he  at  the  end  of  the  tr^  enty- 

second  line. 

251.  line  four,  after  Li  Siu:ur  insert  counties. 
269,  line  seventeen,  for  Mohr  rea<l  Moe. 

275,  line  four,  for  neh  read  Mts. 

276,  line  four  from  the  bottom,  for  outlt  t»  read  inlets. 
280.  line  four,  for  cmiumlion  read  imnilKration. 

202,  twenty-eighth  line,  for  northern  Minnesota  read  northern  Missouri. 
293,  fourth  line,  for  approrimating  loral  read  approximately  level. 

295,  twentieth  line,  onjlt  the  comma  after  before. 

296,  seventh  line,  for  lonca  read  Iosco. 

296,  twentieth  line,  for  northivetst  read  southwest. 

296,  twenty-ninth  line,  change  comma  to  semicolon  after  Freeman. 

296,  thirty-first  line,  change  comma  to  semicolon  after  Nunda. 

297,  twenty-first  line,  for  conveying  read  converging. 

297,  thirty-eighth  line,  for  25  read  23. 

298,  thirty-ninth  line, /or  eausc  read  course. 

tiK),  twenty  seventh  and  thirty-second  lines,  read  Rhodes'  Mill. 

299,  thirty-fourth  line,  for  north  reatl  south. 
302,  thirtieth  line,  read  south -southeast. 
304,  second  line,  read  south-s<mthwest. 

30*,  thirty-ninth  line,  for  contains  read  continues. 

306,  first  line,  read  Potsdam. 

306,  twelfth  line,  after  eetst  insert,  and  by  the  east. 

306,  thirty-ninth  line,  for  glacial  actUm  read  glaci«ti(m. 

307,  first  line,  for  more  read  nearly. 
307,  seventh  line,  omit  and  rivers. 

307,  eleventh  line,  read  southward. 

306,  thirteenth  line,  for  coast  read  course.   * 

308,  thirty-third  line,  for  Grange  read  Orange. 
311,  eighth  line,  insert  western  before  series. 

311,  thirty -second  line,  read  Esthervllle,  and  for  to  read  its. 

312,  twenty-fourth  line,  for  lake  read  Lake  in  three  places,  and  geTierally  else- 

where when  used  as  a  name  of  a  town  or  township  :  but  in  its  ordinary  use  as 
a  common  noun  begin  lake  with  asmaU  letter  ;  thus  :  Heron  LnUe  in  speaking 
of  the  town,  but  Heron  lake  when  the  lake  itself  is  meant 

313,  seventeenth  line,  read  west-northwest. 

314,  read  The  Coteau  den  Prairies. 

314,  twentieth  line  below,  read  Highland  of  the  Prairies. 

316.  fourteenth  line,  read  west-northwest. 

315,  thirty  first  line,  read  Potsdam,  and  same  on  pages  following. 
'  316,  sixteenth  line,  insert  comma  after  side. 

317,  thirty-first  line,  for  area  read  arm. 

318,  thirty-seventh  line,  read  north-northwest. 

319.  first  line,  for  was  read  were. 

319,  seventh  line,  for  outlaying  read  outlying. 

319,  twenty-second  line,  read  north-northwest. 

319,  thirty-first  line  and  elsewhere,  for  Warpeton  read  Wahpeton. 


ADDITIONAL    ERKATA. 

^.^(iKSlS,  tliirty  si'coixl  line,  for  iinrtluvt'<f  road  southwest. 

;W0. seventh  Unc.  for  Mmitfunht  n-sul  Minnrota. 

.tiO.  lliirty-thinl  line,  chjiii^'e  srmifolon  to  foniniH  after  plateaus. 
,  ,'121.  thirteenth  line,  insert  lo\v«*r  .ifttT  feet. 

'J£i,  twelftli  line,  Un-  HUsirnrtti  rty.ui  KlUhorouKh. 

.'^23.  fonrteriith  line.  f«»r  nntnl  nra<l  ennliMi. 

liiH.  thin\  line,  for  I',  w  n':»«l  T.  lln. 

32t.  twelfth  liiii',  rc-a'l  sonth-«i(uitli\N«'Nt. 

324,  eiphlf«'nth  linr,  lor  fi'n  r«:ul  i«». 

327.  ei«rhtli  lin«'.  at'irr  /ii  7  >  -Ijiiiii'*  .•oiunia  to  semicolon;  next   insort,  'then  six 
miles  ar<'  nH>«hT;jt«'ly  roMlii-j:.  niMinly  in  smooth  swells.' 

;r>,  IHth  lint',  n-.ul  \r,  il»-^.,  :m  inln. 

;«H.  sixth  liin*.  rr:it\  elscwhrrr  ;  iciui  M<*a«l  of  ihefoteau. 

:r_*«,  in  flM  foo:  notf.  h'miI  is;** ;  ji.  G2. 

:i'«.  elKht«'i';itli  liin-.  re.-i'l  <-ot(»au\. 

.■«2.  in  seeoml  font  noir.  n-aii  T''rrihf  its. 

;i'j:j,  thirty-lir^l  linr.nM.l  Dawson. 

Xi3,  thirfy-fourlli  linr.  lor  dri^tf  rea«l  «lrift. 

So-'J,  thirty-sjxrli  line,  :ilii*r  ilMi  ins«'rt  mil«',s. 

3M.  sixth  llnr,  for  ijnn;l  r»;a<l  ^^radual. 

;W4,  eiKhth  line,  Jor;v  .M</r'f.f/;/i/  read  nwirkedly. 

.'VH.";,  thirty-thinl  lin«'.  rciii  r;isi-soutli<'asi. 

33«>,  twent\-si\tli  linr.  read  Uultalo  Pomnl  hill. 

.tfT,  seeondlini',  rc:id  \Vlnnil»i!j:i>shlsh. 

:i'<7.  sixtli  linr,  for  tin'  ti  nniintl  n*ad  this  terminal. 

:J37.  tenth  line,  I'tir  tfti.tiu  nsni  Coteaus. 

337,  .seventeen I h  lini',  for  /i/;/fi  n-ad  'h't'i*.     • 

;W.  lower  part,  fonrte«'nth  lin»-.  read  ililj^ard. 

.l.'W,  thirty-ninth  liin*,  for  •'■'i  rrad  their. 

;i39.  twent>  iliird  linr.  for  irjinf  n-.-oI  \\ln*n. 

33!),  thirtietli  linr.  fi»r  JlillH  r^ad  liilN. 

:M0.  tenth  line.  r»>ad  Champlain. 

340.  nhu'teenth  line,  Uwfnnn  n-ail  form. 
:J40,  last  lim*.  read  ovrrtlow. 

311,  first  line,  read  Lamonre. 

341,  hist  line,  read  east -southeast. 
347,  near  hottoni.  read  Inxpniis. 

:j.M,  first  line,  for  h\urHilt}  read  Farley. 

351,  twelfth  line,  rea<l  IMairshnrjr. 

;J51,  fifteenth  line,  Dnneomhe. 

aw,  twenty-s<?venih  line.  readCorwith. 

:i52,  seventh  line  from  hottom,  read  lUakely. 

363,  twelfth  line,  read  Madeliu. 

aw,  near  top,  after  Becker  insert  county. 

Xo  erron  of  printing  <M'eur  in  the  lists  of  figures  suiting  distances  and  heights,  on  pages 
34.'>  to  356. 

Taok  aw,  twelfth  line,  for  Viriett  rea<l  Vieill. 
3G0,  sixteenth  line,  for  north  read  now. 
361,  thirtieth  line,  for  WhUe-hillcd  read  Whlte-beUled. 
302,  first  line,  for  Red-biUed  read  Red-bellied. 
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PACiE  366,  twenty-thipd  line,  for  Trifrmalia  road  hyemalis. 
387,  ninth  line,  for  Ycllow-hUkd  rea<l  Yellow-bellied. 
369,  the  second  No.  201  should  reiul  20V i- 
372,  the  second  No.  269  should  be  269Vi. 
374,  foot  note,  second  line,  for  Cone'iK  read  Cones'. 
;{76,  line  two,  for  caiioliaemfis  read  carolineiuds. 
.376,  line  one,  for  TriftjtU-  read  Trippe. 
376,  line  thirty,  for  Bys  read  {Linn.)  Hp. 

376,  line  forty- four,  for  whenever  read  wherever. 

377.  line  eleven,  for  Shpyfajx-'iv*  (varUnis)  read  (Sphyrapicus  vamuf). 
377,  line  sixteen,  for  hole  read  bole. 

377,  line  thirty-two,  for  Bya  read  Zip. 

377,  line  thirty-four,  for  Bytt.  read  lip. 

377,  line  thirty-seven,  the  c  in  Chn/sti*'/ 1«  should  have  two  dots  above  it. 

377,  line  forty-one.  the  e  in  Haliaetus  should  have  two  dots  i\ho\o  it. 

378,  line  seventeen,  for  northern  read  southern. 

379,  line  eleven,  for  ju«t  read  thus. 

379,  line  fourteen,  for  Evet^ing  read  Evening. 

379,  line  twenty- eight,  for  uxiwino  read  wax  wing. 

380,  line  fifteen,  after  crimson  supply  spot. 

380,  line  sixteen,  for  rare  red  phtsh  over  the  entire  heart  read  rose  red  fluslH>\  •  i  jii^ 

entire  breai<t. 
:tf0,  line  thirty-four,  for  ends  read  seeds. 

.3K2,  line  12,  for  hair,  read  bravt. 

.•W2,  line  thirty-four,  for  Sol.  read  Scl.' 

382,  line  tliirty-seven,  for  Rud.  read  Aud. 

383,  line  ten,  for  Stearns  Co.  read  Meeker  Co. 
383,  line  thirty,  for  Teugtnalius  read  Richardson's. 

In  the  index,  p  ill,  first  line,  for  344  read  431 ;  and  for  254  read  M4. 
In  the  index,  p.  iv,  for  Coteaus  read  Coteau. 
In  the  Index,  p.  vi,  third  line,  for  343  read  433  ;  and  for  S53  read  313. 
On  the  next  page,  omit  the  erratii  for  pages  288  and  337. 
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ADDRESS. 


To  W.  W.  FOIiWELL,  Prosident  of  the  Vriiversitv. 

Drab  Sir: — The  accomi)anying  rei)ort  jj^ives  a  Mummarr  i>f  the  work  of  the 
Geological  and  Natural  Histor}'  Survey  of  the  State  during  the  year  1881,  being 
the  tenth  annual  report.  In  thuH  rounding  a  complete  decade  of  coni^ecutive  an- 
nual reports  on  the  Geology  and  Natural  History  of  the  Stale,  I  think,  sir,  that 
the  University  and  the  State  may  be  congratulated  on  the  succes**  which  has  .it- 
tended  the  enterprise,  a  large  share  of  which  in  due  directly  to  the  wise  provisions 
of  the  law  by  which  the  survey  is  (;arrie«l  on,  as  conceived  by  yourself  in  1871. 

RespeiU fully  submitted, 

N.  n.  WINCHELL. 
State  Geologist  and  Curator  of  the  Geueral  Museum. 
The  Unip&rnty  of  Minnesota ,  Minneapolis ^  December  31,  19*^1. 


REPORT. 


1. 


SUMMARY  STATEMENT. 


The  field  work  has  boon  oontinuod  by  Mr.  Ipham,  aidon  in  July  and  August  by 
Mr.  II.  V.  Winoholl.  Thti  liold  of  examination  has  been  iho  Dorth-(!«ntral  and 
northwestern  portions  of  the  Stale.  These  couniieK  are  almost  entirely  covered 
with  a  heavy  sheet  of  drift,  and  necessarily,  most  of  the  recorded  observations  and 
investigations  have  related  to  the  surface;  geology,  and  a  large  fund  of  valuable  in- 
formation has  been  added  by  Mr.  I'pham  to  the  historical  geology  of  the  Quater- 
nary Age.  That  ancient  body  of  inland  water  which  in  former  reports  has  been 
styled  Lake  Agamij  has  been  found  to  hav<?  extended  its  highest  shore  line  far  to- 
ward the  east,  in  the  northern  part  of  the  State,  probably  including  within  its 
limits  the  present  lied  and  liainy  lakes,  and  the  L.ake  of  the  Woods,  giving  the 
well  known  topographic  features  of  the  lied  River  Valley,  to  a  much  larger  extent 
of  territory  in  Minne.-ota  than  had  formerly  been  supposed,  even  quadrupling  the 
known  area  pertaining  to  the  valley  as  heretofore  limited.  Not  only  is  this  a  valu- 
able accession  to  the  known  agricultural  capabilities  of  Minnesota,  but  the  results 
attained  in  other  directions,  are  equally  valuable  to  science.  The  beach  lines  of 
Lake  Agassi/  have  been  subjected  to  a  careful  inspection  over  a  distance  north  and 
south  of  about  one  hundred  and  seventy- tive  miles,  resulting  in  the  discovery  of 
some  peculiarities  which  have  a  direct  bearinpr  on  their  formation  and  history,  and 
aid  in  filling  out  an  obscure  ohapter  in  the  geology  of  the  Ice  Age  Some  of 
these  peculiarities  may  be  mentioninl  brietiy. 

The  lake  had  three  stationary  periods,  forming  three  beaches.  They  all  ascend 
above  a  given  datum  level  toward  the  north,  the  rate  increasing  in  going  toward 
the  north.  The  highest  liearh  line  ascends  one  hundred  and  twenty-five  feet  in 
about  one  hundred  and  fifty  miles,  the  beach  being  one  continuous  shore  line.  The 
northern  portion  of  the  lake  fell  at  intervals  from  this  high  beach- line,  forming 
lower  beaches  successively  at  about  eight.  fifu*en,  thirty,  and  forty  feet,  while  the 
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water  level  in  the  extreme  southern  part  stoo*!  nearly  stationary,  the  northern  frac- 
tional  heaehes  converginii^  inlooue  toward  the  southern  extremity  of  the  lake.  The 
next  distinct  heach  found  in  the  southern  part  of  the  region  ascends  tuward  the  north 
seventy  feet  in  one  hundred  and  fifty  miles.  The  surface  of-tht;  lake  had  now  fallen 
thirty  feet  in  Traverse  and  Grant  counties,  fifty  feet  in  northern  Clay  county,  and 
ninety  feet  northwest  of  Maple  lake.  The  fall  of  the  lake  hud  therefore  been  sixty 
feet  more  at  the  northern  than  at  the  southern  end.  Double  and  multiple  ridges 
occur  along  the  northern  half  of  this  distance.  The  third  beach- line,  formed  wlien 
the  outlet  had  been  excavated  to  the  level  of  Lake  Traverse,  is  known  along  a  dis- 
tance of  pne  hundred  and  thirty-five  miles,  and  its  northward  ascent  was  at  first 
fifty  feet  and  and  afterward  only  about  twenty-five  feet.  Toward  the  northern  ex- 
tent of  this  beach  are  also  additional  lower  beaches,  indicating  a  halting  descent  of 
the  water  level.  The  fall  of  Lake  Agassiz  from  the  highest  beach  level  to  the 
third,  at  Lake  Traverse,  was  about  eighty  feet,  and  in  the  vicinity  of  Maple  Lak^ 
one  hundred  and  sixtv-five  feet.  But  the  rate  of  ascent  of  this  third  beach-line  i?* 
less  in  the  northern  portion  than  toward  the  south.  Tlie.se  phenomena  seem  in- 
consistent with  that  hypothesis  which  supposes  an  elevatitm  of  northern  land  as  a 
barrier  to  contain  this  vast  inland  lake,  inasmuch  as  these  beaches  would  have  to 
present  a  slope  in  the  opposite  direction  in  order  to  change  the  outlet  from  Lake 
Traverse  to  Hudson's  Bay.  The  same  kinds  of  beaches  appear  about  the  southern 
shores  of  Lak^*  Erie  and  Michigan,  and  have  often  been  referred  to  in  geological 
reports  They  have  been  ascribed  to  the  operation  of  the  glacial  period  in  the 
epoch  of  its  decline,  when  the  ice  still  existed  towani  the  north  as  a  barrier  to  pre- 
vent northern  drainage.  The  same  obstruction  must  have  existed  in  the  Red  River 
Valley,  and  in  the  opinion  of  Mr.  Upham,  its  attraction  was  sufficient  to  move  the 
mass  of  the  water  towani  itself  and  to  cause  an  ascending  shore  line  in  that  direc- 
tion. Any  such  barrier,  operating  inversely  as  the  squares  4)f  its  distance  from  dif- 
ferent parts  of  the  lake,  would  thus  cause  a  more  rapid  ascent  in  those  portions  of 
the  shore  line  near  it  than  in  those  more  remote. 

Fiakc  Agas.siz,  pro!)ably  covered  Red  Lake  under  fifty  or  one  hundreil  ffet  of 
wat<'r  above  its  present  level,  Lake  of  the  Woods  under  about  two  hundred  feet, 
the  Red  River  Vallev  at  St.  Vincent,  four  huudn>d  and  fifty  feet,  and  Lake  Win- 
nipeg,  about  six  hundred  feet.  It  is  supposeti  to  have  extended  east  as  far  as  the 
east  eu«l  of  Rainy  Lake,  but  no  definite  statements  can  be  made  yet  concerning  the 
northern  slope'of  the  State  between  Red  Fjake  and  Vennilion  Fjake. 

The  di.stribution  and  characters  of  the  crystalline  rocrks  in  the  central  portion  of 
the  State,  including*  the  counties  of  Stearns,  Sherliurne,  Benttm,  Morrison,  Mille 
Lacs,  Kanabec,  Aitkin  and  Todd,  and  portions  of  Carlton  and  Pine,  have  also  been 
ascertained  by  Mr.  rphani. 

TIh'  failing  health  of  Mr.  C\  M.  TtTry,  rendered  it  necessary  for  him  to  suspend 
active  work  about  the  middle  of  May.  A  trij>  to  Florida  afforded  him  no  relief, 
still  he  was  preparing  to  resume  work  on  the  survey  in  the  latter  part  of  summer, 
when  he  was  taken  worse  and  he  died. 

His  contribution  to  the  last  report  of  progress,  pertaining  to  the  Hydrology  of 
the  State,  shows  the  carefulness  and  the  scope  of  his  work.  His  persewrance  and 
industry  were  remarkable,  ami  the  amount  he  accomplished,  with  his  feeble  health, 
was  a  surpri.se  to  those  who  knew  the  obstacles  under  which  he  labored.     He  has 
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left  some  maps,  notes,  and  incomplete  manuscript,  which  will  be  made  to  contri- 
bute in  his  name,  to  the  completion  of  the  subject  to  which  they  pertain.  I  can* 
not  forbear  at  this  place,  giving  testimony  to  his  uniformly,  cheerful  disposition 
And  urbane  personal  bearing,  his  high  integrity,  his  zeal  and  industry,  and  his 
truly  scientific  methods  of  work  and  thought.  Having  spent  some  years  in  the 
christian  ministry,  one  of  the  most  instructive  facts  of  his  brief  labors  for  the  sur- 
vey, is  the  ease  and  quickness  with  which  he  turned  himself  to  purely  scientific 
pursuits.  He  began  with  careful  laboratory  work,  requiring  patient  mechanical 
manipulation,  and  he  succeeded  from  the  outset.  Whatever  he  undertook,  he 
knew  how  to  accomplish  at  once.  Having  a  train«'d  mind,  it  was  no  task  for  him 
to  apply  it  vigorously  and  i>ersistently,  in  a  new  field  of  labor.  A  general  sugges- 
tion, or  an  intimation  as  to  the  direction  to  be  given  to  his  labor,  was  all  that  was 
necessarv.  Had  he  been  able  to  finish  the  work  that  he  had  in  hand,  one  of  the 
most  useful,  thorough  and  instructive  (chapters  of  the  final  report  of  the  survey 
would  have  been  written  by  him. 

Mr.  C.  L.  Herrick  continued  to  work  in  the  laboratorv  of  the  survey  and  in  the 
Museum,  till  the  first  of  July.  He  sailed  for  Europe  in  September,  and  is  studying 
in  Leipzig.  A  contribution  of  his  to  the  survey  reports  has  been  under  way  ever 
tiince  the  publication  of  his  paper  on  Mierascopic  Entamottraea  in  the  seventh  annual 
report. 

My  personal  labor  has  been  given  to  the  preparation  of  chapters  for  the  final  re- 
port, which,  with  the  prosecution  of  the  building-stone  investigation,  the  oftice 
and  executive  duti(*9,  and  the  conduct  of  tlie  last  annual  report  through  the  press* 
have  occupied  my  whole  time.  It  has  been  necessary  to  visit  mo.^t  of  the  quarry- 
*ng  localities  in  order  to  obtain  samples  of  suitable  size  for  use  in  the  examination 
of  the  building-stones  of  the  State.  At  the  .same  time  the  quarrying  statistics  of 
the  State  were  furnished  the  U.  S.  census  for  1>*^0,  and  additional  samples  were 
forwarded  to  Washington  to  be  .subjected  to  a  careful  analytical  examination  by 
the  government,  calculated  to  further  elucidate  the  nature  of  the  rocks  of  Minne- 
sota. 

In  the  Museum  report  will  be  seen  the  recorded  additions  to  the  collections,  and 
their  sources.  No  important  purchases  or  changes  have  been  made  either  in  the 
material  of  the  collections  or  arrangements  of  the  Muj^eum  rooms.  There  will  be 
no  occasion  to  make  important  changes  before  the  erection  of  the  new  building  for 
the  use  of  the  Mmseum,  which  has  been  ordered  by  the  State  legislature.  Indeed, 
tt  would  be  poor  policy  to  lay  out  much  more  expense  on  the  old  rooms.  In  the 
new  building  it  is  expected  better  accommodations  will  be  aflFonled  not  only  for  the 
exhibition  of  the  specimens,  but  also  for  the  handling  an<i  examination  of  the 
▼arious  cla.s.ses  of  rocks.  The  thanks  of  the  University  are  due  to  Col.  J.  B.  Clough* 
for  fossil  specimens  of  extinct  vertebrates  from  Montana,  and  for  Indian  imple- 
ments, for  the  General  Museum,  and  for  other  specimens,  and  to  O.  E.  Garrison,  for 

procuring  samples  of  water  from  Mille  Lacs;   and  to  Dr.  Miller,  of  the  Little 

IGssouri  Cantonment,  for  a  collection  of  fos.sil  leaves  from  that  locality. 

The  survey  is  also  under  obligations  to  Prof.  A.  H.  Chester,  of  Hamilton  College, 
N.  Y.,  for  a  report  on  the  geology  of  the  iron  region  east  of  Vermilion  Lake,  based 
4m  observations  made  by  him  during  two  seasons  spent  in  that  part  of  the  State  ex- 
ploring for  iron  in  the  interests  of  non-resident  capitalists.     The  report  of  the 
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survey  for  the  year  lS7t^  called  attcntioD  to  the  existence  of  irouore  in  the  northern 
part  of  the  State  in  large  quantities,  and  t(»  the  fact  that  parties  interested  in  iron 
from  eastern  States  have  made  costly  surveys  and  examinations,  attesting  the  value 
of  these  deposits  by  field  exploration,  and  by  laboratory  assay.  Since  then  others 
have  become  interetitecl  in  the  same  way,  and  it  is  not  premature  to  predict  that 
the  iron  ore  of  Minnesota  will,  not  many  years  hence,  be  largely  wrought,  and 
yield  to  the  State  a  revenue  which  will  be  commensurate  with  the  extent  of  the 
deposits  and  the  importance  of  such  industry.  It  would  be  well  if  the  capatalist» 
of  Minnesota  would  look  after  this  matter,  and  by  concerted  action,  retain  within 
the  State  as  much  as  possible  of  the  profits  of  such  development  of  these  ores.  The 
blast  furnace  which  is  now  in  operation  at  Duluth,  using  ores  from  Marquette^ 
should  be  supplied  from  Minnesota,  and  Minnesota  railroad  companies  should  see 
to  it  that  these  ores  are  made  accessible.  Our  iron  ores  are  the  farthest  west  of  al* 
the  Lake  Superior  <ief>osits,  and  being  in  the  midst  of  timbered  lands  are  situated 
favorably  for  reduction  )»y  charcoal ;  while  the  great  region  west  and  northwest' 
destitute  of  the  rocks  producing  these  ores,  will  always  have  to  depend  on  us  for 
iron  and  its  products  in  the  same  manner  as  for  lumber.  Eastern  iron  deposits  and 
eastern  furnaces  should  not  be  allowed  to  find  it  profitable  to  send  their  products 
past  our  doors  when  we  have  every  requisite  and  every  facility  for  producing  the 
same.  It^would  be  a  thing  highly  credita])leto  the  Regents  and  to  the  University, 
to  be  direct!}'  instrumental  in  developing  this  great  industry,  and  I  hope  that  gen- 
eral attention  mav  l»o  called  to  its  feasibilitv. 

1  wish  to  call  your  attention  again  to  the  destruction  of  the  forests  by  fire  in  the 
northern  portions  of  the  State,  and  to  refer  you  to  representations  made  in  the 
report  for  187S,  (p.  24)  and  ^ain  in  the  report  for  1879,  (p.  134).  The  Legislature 
should  be  asked  to  enact  the  necessary  laws,  with  penalties,  to  preserve  the  forests, 
and  especially  the  pine  forests,  from  destruction.  These  tires  are  not  occasional, 
but  seem  to  be  habitual.  No  country  in  the  world,  claiming  to  be  a  civilized  and 
enlightened  commonwealth,  should  permit  such  wanton  destruction  of  the  public 
domain  for  one  moment  when  once  informed  of  it,  and  it  would  not  be  possible 
were  it  not  for  the  sparseness  of  the  inhabitants,  and  the  indifference  to  the  pub- 
lie  interests  too  often  exhibited  by  republican  J^egislatures.  It  would  be  well  if 
co-operation  could  be  had  with  the  Canadian  government  in  any  effort  to  suppress 
Ihese  fires,  since  they  originate  on  both  sides  of  the  international  boundary.  The 
The  University  pine  lands,  on  the.  Si.  L<>uis  river,  are  anDually  in  danger  of  bein^ 
devastated. 


STATK   GEOLOGIST.  ^ 


11. 

PRELIMINARY  LIST  OF  ROCKS 

COLLECTED  BY  N.  H.  WINCHELL  IN  1879— CONTINUED  FROM  THE  LAST 

REPORT. 


FROM  FOM)  1)U  LAC  TO  KNIFK  FALL?:^. 

443.  The  red  sand  rock  at  Fond  du  Lac.  This  dips  E.  S.  E.,  or  S^ 
E.,  about  ten  degrees. 

443A.     Quartz  pebbles  from  No.  443. 

444.  About  the  center  of  S.  W.  i,  sec.  6,  48,  15.  Here  a  bed  of 
dark-red  shale  strikes  across  the  bluff.  This  is  about  eighteen  feet 
thick,  and  has  thin  beds  of  sandstone  occasionally,  much  as  the  lime- 
stone is  embraced  in  the  shales  of  the  Hudson  river  formation.  This 
shale  has  spots  that  are  greenish.  Pieces  of  the  same  color  (and  also* 
red)  are  sometimes  seen  in  the  midst  of  the  massive  sand  rock  (443)' 
which,  on  weathering  out,  (where  quarried,)  give  the  rock  a  loosely 
porous  and  (apparently)  conglomeritic  structure.  There  are  belts  and 
thin'  strips,  parallel  with  the  bedding,  that  are  conglomeritic  with 
white,  or  glassy  (not  milky,)  water-worn  quartz  pebbles,  that  are  some- 
times larger  than  hen's  eggs,  but  the  great  mass  of  the  whole  is  a 
homogeneous  sandrock.  They  are  sometimes  more  shaly,  and  also  on 
separating  some  of  the  thin  layers,  they  even  show  micaceous  inter- 
lamminations.  The  general  color  is  a  dark  red-brown,  like  the  brown. 
sand  rock  of  the  **  brown  fronts,*'  but  it  has  layers  that  are  of  the- 
ordinary  light-colored  sand  rock.  This  light  color  is  sometimes  dissem- 
inated through  the  red  in  round  spots  or  specks,  or  is  clouded  and  mot- 
tled in  it  over  considerable  areas.  Sometimes  a  solitary  quartz  pebble^ 
as  large  as  a  walnut,  is  seen  in  the  otherwise  homogeneous  brown  sand 
rock;  and  occasionally  one  is  as  large  as  a  man's  fist. 

Below  the  above-mentioned  bed  of  dark-brown  or  red  shale,  the  rock 
is  altogether  less  firm  and  siliceous  than  it  is  above,  or  to  the  east* 
After  a  thickness  of  about  twelve  feet  of  rock,  somewhat  like  the  rock 
overlying,  another  bed  of  shale,  or  shaly  rock,  is  met  with,  whose 
extent  cannot  be  defined,  as  it  seems  to  alternate  with  thin  bands  of 
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shaly  sand  rock  confusedly,  the  latter  having  cross-stratification,  until 
finally  the  whole  form^jtion,  so  far  as  seen  in  the  bluff,  almost  deserves 
to  be  styled  a  shale.  It  resembles  the  red  shaly  sand  rock  of  Good 
Harbor  Bay,  near  Grand  Marais.  It  sometimes  weathers  out  in  slates, 
(less  than  one-fourth  inch  thick)  which  are  flexible,  and  red  like  the 
rest,  but  rather  fragile.  It  has  belts  of  green  shale  running  parallel 
with  the  bedding.  There  is  a  thickness  of  about  thirty  feet  of  this 
shale  visible  along  the  river  by  the  railroad,  before  it  is  hid  again  by 
trees  and  talus.  It  becomes  all  shale.  The  apparent  horizontality  is 
due  to  a  change  of  direction  in  the  bluff.  Some  of  it  is  quite  siliceous, 
but  in  very  thin  sheets.  The  brick-red  color  is  sprinkled  with  light 
spots;  and  there  are  belts,  three  or  four  inches  thick,  of  a  light  bluish- 
green  color.  The  green  color,  indeed,  seems  to  be  the  original  color, 
and  prevails  largely  on  tearing  down  a  lot  of  the  layers.  Although 
following  the  layering  in  belts,  or  elongated  with  the  bedding,  yet 
these  light-green  spots  are  also  globular,  or  oblate  spheres  passing 
through  several  sheets  of  the  thin  shale,  which  shows  no  change  but 
that  of  color. 

At  the  high  bridge,  "  No.  1,"  which  is  over  a  little  creek  at  center 
of  sec.  1,  48,  16,  the  formation  shows  about  the  same  dip,  but  is  more 
nearly  a  sandrock  again,  but  still  with  alternating  layers  of  slatv  sand- 
rock,  (often  with  cross-bedding,)  and  red  aluminous  shale  in  thin  lay- 
ers: but  where  the  creek  joins  the  river  there  is  a  bed  of  about  three 
and  one  half  feet  of  red,  crumbling,  conglomerate.  This  lies  below 
the  shale  last  mentioned,  and  has  below  it  an  exposure  of  about  six 
inches  of  cross-bedded  sandrock.  Thus,  in  ascending  the  creek,  the 
layering  is  as  follows.  No.  1  being  the  lowest : 

1.  Cross- hodded  sandrock,  next  the  water 6  m. 

2.  Crunil)lin<r  ('onclomerate,  rather  fine   3*^  ft. 

3.  Shale,  with  layers  of  six  and  eicrht  inches  of  shaly  sandrock  with 

cross-heddinir 4  ft. 

4.  Shale 18  in. 

5.  Sandrock       8  ft. 

6.  J.ike  Xo.  .'{   12  ft. 


Total 29  ft.  6  in. 

The  above  section  is  all  on  the  lower  side  of  a  fault,  i.  e.,  on  the 
river  side,  and  on  the  left  bank  of  the  creek.  Above  the  fault,  which 
is  hid  on  the  opposite  side  of  the  creek,  the  visible  section  consists  of 
the  following: 

1 .     (^nimhlinp  conglomerate,  rather  fine 3}^  ft. 

2      Shaly  sandrock,  with  belts  of  ^eenish,  shaly  sandrock  and  of  shale. .       10  ft. 

Total 13)ift. 
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It  seems  as  if  tlie  congloiiienite  had  i)asse(l  up  to  the  upper  level,  a 
distance  of  about  iuurteeii  feet,  hut  there  are  fractured  and  curved 
beds  at  the  fault,  indicating  a  sul>sequent  settling  again  of  about  six 
inches,  after  the  fault  had  closed  up. 

446.  Black  roofing  slate,  near  the  section  line,  between  80  and  31, 
in  town  41*,  15,  in  the  bottom  of  a  branch  of  Mission  creek,  very  incon- 
spicuous  exposure,  covered  in  high  water.  The  slaty  cleavage  strikes 
across  the  creek  east  and  west. 

447.  Nearly  on  the  town  line,  next  south,  below  the  two  forks  from 
the  northwest,  in  the  bottom  of  Mission  creek.  This  is  a  lighter  col- 
ored slate  than  the  last,  but  related  to  it  closely.  It  strikes  in  the  same 
direction  and  rises  about  four  feet  in  the  right  bank  of  the  creek. 

448.  Crumbling,  red  conglomerate,  from  the  tilted  beds  of  the  St. 
Louis,  at  a  point  near  the  bridge  (**  No.  1,'*)  over  the  creek  mentioned, 
but  lower  in  the  formation  than  the  three  and  a  half  foot  bed.  This 
bed  is  fift(?en  feet  thick,  shows  a  strong  dip,  and  is  underlain,  in  ascend- 
ihg  the  creek,  by  two  feet  of  shaly  sandstone,  and  then  by  fifteen  feet 
of  shale  not  well  exposed.  Under  that,  still  higher  up  the  creek,  may 
be  seen  six  feet  of  red  conglomerate  descending  below  the  turf,  and 
extending  along  the  bank  so  as  to  umke,  with  the  dip  constant,  about 
fifty  feet. 

449.  Below  the  last  appears  this  number,  which  is  a  hard  pyriti- 
ferous,  pebldy  conglomerate,  consisting  largely  of  quartz  peb])les.  This 
is  seen  on  S.  W.  ]  of  N.  E.  \  Sec.  1,  T.  48,  16.  It  dips  with  the  red 
beds,  about  10°  E.  of  S.,  by  compass.  Some  of  tlie  pebbles  are  two  or 
three  inches  across.  The  pel)bles  are  mainly  of  milky  quartz.  Some 
are  translucent.  Some  are  ))lack  or  gray.  In  some  places  nearly  one- 
half  of  the  gravel  is  of  the  underlying  slate  formation.  Just  above 
the  junction  of  the  two  creeks  there  is  a  blind  vein  of  calcite  a])Out 
two  inches  thick,  running  north  and  south  in  this  conglomerate.  The 
conglomerate  extends  a  few  rods  along  the  creek,  both  branches,  and 
before  it  disappears,  which  it  does  by  rising  in  an  incline  along  the 
left  bank  in  accordance  with  the  dip,  it  shows  about  eight  feet  of  bed- 
ding; and  within  the  distance  of  about  two  rods  the  Thomson  slate 
formation  a])pears  in  the  bed  of  the  creek,  and  soon  form  a  consider- 
able exposure  along  the  bank.  The  slates  stand  nearly  perpendicular 
as  the  weathering  separates  the  cleavage  planes,  and  they  strike  east 
and  west,  as  at  Thomson.  But  it  seems  as  if  the  conglomerate  lies 
lower  where  it  is  last  seen  in  the  bed  of  the  creek,  than  the  slate  when  it 
first  api)ears,  and  so  low  that  even  with  the  dip,  which  would  of  course 
tend  to  throw  it  higher  in  ascending  the  creek,  it  could  not  get  over 
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the  slate.  Hence  it  is  probable  that  the  couglomerate  lies  in  depres- 
sions in  the  slate  surface,  and  is  thicker  in  some  places  than  in  others. 
At  this  place  the  contact  is  not  visible,  but  there  cannot  be  much 
between  the  points  seen  on  each  side.  So  that,  as  already  stated,  there 
is  too  much  conglomerate  to  fill  the  unseen  interval.  This  conglom- 
erate appears  conspicuously  on  the  St.  Louis,  S.  E.  i  Sec.  2,  T.  48,  16. 
(For  a  complete  section  of  the  red  sandrock  beds,  see  after  No.  510). 

45U.  Samples  of  the  Thomson  slate,  from  the  river  bank,  S.  E.  i 
Sec.  2,  T.  48,  16,  underlying  the  conglomerate.  No.  449. 

451.  Samples  of  the  same  showing,  the  slaty  cleavage  transverse  to 
the  bedding.  The  dip  of  the  slate  beds  is  to  the  S.  W.,  amounting  to 
about  four  degrees,  the  conglomerate  being  unconformable. 

452.  Slate  pencils,  formed  naturally  by  the  intersection  of  differ- 
ent divisional  planes,  having  a  rhomboidal  section.  The  overlying 
coarse,  gra}'  conglomerate,  seems  to  have  a  thickneess  of  about  100 
feet.  Above  that  is  a  considerable  red,  finer  conglomerate,  perhaps 
fifty  feet. 

453.  Slate  from  the  lower  falls  of  the  St.  Louis  river,  S.  E.  i  Sec. 
10,  T.  48,  16. 

454.  Near  the  foot  of  the  falls,  on  the  left  bank,  are  several  ** veins," 
or  folia  of  white  quaftz,  parallel  with  the  slates,  some  of  which  are 
four  to  six  inches  in  thickness.  They  are  all  in  an  interval  of  about 
three  feet,  with  folia  of  slate  between. 

455.  Slate  embraced  between  and  contiguous  to  the  white  quartz. 

456.  Harsh,  arenaceous,  gray,  firm  beds,  two  to  three  feet  thiok, 
embraced  in  the  slate  at  the  lower  falls,  having  no  slatiness. 

457.  Slate;  average  sample  for  the  rock  of  the  lower  falls. 

The  cause  of  the  lower  falls  is  the  occurrence  of  a  dyke  of  igneous 
rock  which  crosses  the  falls  near  their  brink,  hardening  the  layers  of  the 
formation.  The  falls  cross  the  river  stragglingly  about  east  and  west  in 
conformity  with  the  strike  of  the  formation,  and  descend  about  twen- 
ty-two feet  in  the  distance  of  about  six  rods,  but  the  water  is  rapidly 
descending  in  other  short  cascades  for  a  quarter  of  a  mile  above  the 
falls.  Also  below  the  falls  it  continues  as  a  rapid  to  the  ioot  of  the 
islands,  descending  about  fifteen  feet  more.  The  dip,  which  is  taken 
to  be  the  general  incline  of  the  heavy  beds  toward  the  S.  E.,  is  63% 
but  there  is  a  multiplicity  of  folia,  joints  and  seams,  and  sedimentary 
planes,  that  all  confuse  the  question  of  the  dip.  This  measurement 
was  made  near  the  dyke,  and  on  the  east  side  of  the  river. 

458.  Hardened  slate  formation,  contiguous  to  the  dyke  at  the  lower 
tails.     The  slate  here  has  a  coarsely  basaltic  structure  along  the  east 
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side  of  the  dyke.     The  columna  run  E.,  S.  E.  and  dip  about  thirty 
degrees  froiti  the  horizon. 

459.  The  doleryte  dyke  at  the  lower  falls,  by  compass,  runs  N.  N. 
E.  and  is  at  least  twenty  feet  wide.  It  may  be  twenty -five  feet,  but  the 
high  stage  of  water  prevented  a  full  view  of  its  western  extent.  This 
has  so  h  ardened  the  slates  that  they  are  more  durable  under  the  actioR 
of  the  river  than  the  dyke  itself. 

460.  Above  tlie  falls,  nearly  opposite  Island  No.  6,  (the  islands 
being  numbered  up  stream,)  two  other  dykes  are  seen  on  the  east  shore, 
the  rock  being  of  the  same  kind  as  the  large  dyke  (459),  but  finer 
grained.     One  seems  to  be  about  eight  feet  and  the  other  about  ten 

feet  wide. 

461.  Sample  fnmi  the  eight-foot  dyke. 

Above  the  lower  falls,  along  the  east  side  of  the  next  island,  th^ 
rock  stands  up  in  the  channel  as  very  rough  islands,  the  water  descend- 
ing a])Out  twelve  feet  near  the  lower  end,  and  about  nine  feet  near  the 
upi)er  end  of  the  island.  The  fall  near  the  upper  end  of  the  Island 
No.  5,  is  due  to  the  occurrence  of  a  rather  soft  and  fissile  layer  of  the 
slate  immediately  below  (i,  e.,  down  stream,)  a  harder  part,  the  softer 
part  having  been  torn  out  faster  than  the  rest.  At  the  large  rock 
island,  east  of  the  upper  end  of  Island  No.  5,  the  dip  of  the  formation 

is  27^  S.  E. 

There  ma}'  be  other  dykes,  not  visible  on  account  of  their  crossing 
the  river  under  water  entirely  and  entering  the  banks  where  they  are 
hid  by  drift-wood  or  by  standing  trees  and  bushes.  The  dyke  rock 
wears  away  faster  than  the  formation  that  they  cut. 

The  rapids  below  all  the  islands  (on  Sec.  15,)  are  over  boulders. 
These  rapids  continue  on  between  the  islands  to  the  foot  of  the  fall 
which  is  on  Sec  10,  at  the  head  of  Island  No.  3,  the  island  itself  cut- 
ting the  fall  into  two  parts,  the  greater  part  running  to  the  east  of  the 
island.  Six  or  eight  rods  })elow  the  foot  of  the  fall  begins  the  second 
island.  Island  No.  1  begins  still  further  down  stream  and  is  cut  by 
the  section  line  between  10  and  15.  This  last  is  a  very  small  island, 
having  but  three  large  pine  trees,  (though  several  small  ones,)  and 
seems  to  consist  of  boulders,  and  rises  but  two  or  three  feet  above  the 
water.  Island  No.  2  rises  twenty  feet  above  the  river,  and  is  wholly 
covered  with  pine,  with  a  few  birches  and  cedars.  A  high  drift-bluff, 
(327  feet,)  causes  the  current  here  to  turn  rapidly  toward  the  southwest, 
oniting  with  that  which  passes  down  the  west  side  of  the  west  island. 
Just  above  Island  No.  (y*  is  the  wildest  and  most  tumultuous  portion 

*The  iHlantlfl  nnmbn*  t  inxtead  of  6.   Tliey  are  wrongly  reprMented  on  the  town»hlp|plnt8.    There  are 
Aleo  A  nnmber  oT  rock  IslandB. 


14  TENTH   ANJSUAL   REPORT 

of  the  river,  where  it  comes  nearly  along  the  strike  of  the  slate.  The  de- 
scent here,  in  about  a  quarter  of  a  mile,  must  be  about  forty  feet.  There 
is  no  regular  fall,  but  a  rushing  and  foaming  torrent,  dashing  from  side 
to  side  of  the  channel,  cut  and  parted  by  the  jagged  protrusions  of  the 
highly  dipping  slate,  which  by  its  variations  of  hardness  forms  troughs 
that  alternate  with  sharp  and  angular  ridges.  The  dip  of  the  slate, 
which  sometimes  rises  in  the  middle  of  the  river  twelve  or  eighteen 
feet,  and  is  very  conspicuously  disposed,  varies  from  thirty  to  forty- 
eight  degrees  to  the  S.  and  the  S.  S.  E.  The  former  dip  is  to  the  S. 
and  the  latter  to  the  S.  S.  E.,  the  slaty  cleavage  being  nearly  perpen- 
dicular all  the  time.  The  grand  bedding  of  the  slate  is  in  thicknesses 
of  fifteen  to  twenty-four  inches,  but  there  is  also  a  thinner  bedding 
which  is  in  layers  of  a  few  inches.  Perhaps  the  heavier  beds  would 
show  a  finer  bedding  if  favorably  weathered. 

The  roar  of  this  river  here  is  greater  than  that  of  St.  Anthony  Falls, 
and  it  seems  equal  to  that  of  Niagara.  It  is  continued  over  so  long  a 
distance  that  the  multitudinous  dashing  seems  to  make  as  much  atmos- 
pheric commotion  as  the  single  plunge  of  a  large  stream  at  Niagara, 
and  to  be  comparable  to  the  roar  of  an  extended  beach-line.  It  can 
be  heard  for  svcral  miles,  and  is  like  the  rumble  of  a  heavy  freight 
train  on  the  railroad,  for  which  it  is  apt  to  be  mistaken  at  first,  as  it 
comes  with  the  changing  currents  of  wind  or  is  echoed  on  the  bluffs. 

462.  Fine-grained  dyke-rock,  from  a  dyke  crossing  the  river  at  the 
mouth  of  the  creek  coming  from  the  north  on  S.  W.  i  Sec.  10.  It  is 
above  the  foregoing  rough  and  jagged  portion  of  the  river  channel, 
yisible  only  on  the  shore.  It  is  less  durable  than  the  hardened  slate. 
It  is  about  thirty  feet  wide. 

463.  Rock  similar  to  the  last,  from  a  dyke  eight  feet  wide  running 
N.,  about  15°  E..  on  N.  E.  i  of  the  S.  E.  i  Sec.  9,  T.  48,  16,  crossing 
the  river. 

464.  From  a  dyke  crossing  the  river  a  short  distance  above  the  last 
in  the  same  direction,  but  thirty  feet  wide. 

About  thirty  feet  above  the  last  appears  to  be  another  narrow  dyke 
about  six  feet  wide,  but  no  certain  pieces  in  place  can  be  seen  on  the 
north  bank.  It  shows  as  a  gorge  in  the  slate  on  the  south  bank.  It 
is  situated  about  ten  rods  below  the  small  island  in  the  river  seen  on 
the  S.  E.  i  of  Sec.  9,  and  about  five  rods  above  is  another  of  the  same 
uncertain  character. 

At  the  island  on  the  S.  E.  i  of  Sec.  9,  T.  48,  16,  the  river  is  very 
rough  as  it  separates  and  plunges  among  the  rocks.  The  strike  of  the 
slate  is  nearly  in  the  direction  of  the  river.    The  island  itself  is  made 
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of  a  knob  of  hardened  slate,  with  a  few  trees,  and  the  beds  that  have 
a  strike  on  each  side  of  it  stand  up  in  the  channel  like  inverted  plows,. 
and  cause  the  waier  to  twirl  along  on  one  side  for  a  few  rods  or  feet 
when  it  leaps  over,  or  rises  and  falls  over  like  the  turf  on  the  coulter^ 
and  runs  into  another  trough  from  which  it  escapes  in  the  same  way. 
This  takes  place  on  each  side  of  the  island,  but  is  particularly  inter- 
esting and  beautiful  near  the  head  of  the  island  on  the  north  side. 
Below  the  island,  in  the  main  channel,  it  then  repeats  this  operation 
as  it  makes  its  way  through  other  troughs.  Generally  the  whole  river 
is  divided  into  several  such  troughs,  but  in  a  few  places  it  is  all 
embraced  in  one  japid  chute  about  twenty-five  feet  in  width;  along 
the  sides  of  which  there  is  a  boiling  return  current  up  stream,  as  the 
central  current  plunges  and  foams  downward.  I  think  there  is  noth- 
thing  in  the  State  that  surpasses  several  of  the  scenes  along  thi» 
river.  Norwood  sa^'s  the  upper  falls  are  indescribably  beautiful,  but  I 
do  not  see  how  they  can  exceed  these.  Above  this  for  half  or  three- 
quarters  of  a  mile  the  river  is  more  tame,  but  still  constantly  rapid^ 
and  impassable  even  for  canoes,  with  frequent  ridges  of  slate  along- 
shore and  in  the  channel. 

Just  at  the  head  of  the  island,  and  on  the  south  shore,  is  an  inter- 
esting irregularity  in  the  layers  of  the  slate.  They  first  appear  horri- 
zontal,  or  rise  gently  from  the  water  to  horizontality.  Then  they 
bend  downward,  and  even  dip  slightly  northward,  toward  the  river; 
then  are  suddenly  deflected  upward,  but  return  to  horizontality,  when 
they  again  begin  to  dip  into  the  river.  This  apparent  change  of  dip  is 
to  a  large  extent  only  apparent.  The  beds  still  really  dip  south,  the 
appearance  being  due  to  undulations  of  the  strata,  as  viewed  against 
the  strike,  combined  with  a  jointage  which  breaks  off  so  as  to  leave 
smooth  planes  sloping  northward. 

465.  The  slate  formation  from  the  railroad  cut,  N.  W.  i  S.  W.  i 
Sec.  9,  T.  48,  1(5.  Tough  gray,  firm  rock,  hardly  showing  any  ten- 
dency to  slaty  cleavage,  finely  arenaceous. 

46$.     Siliceous  slate,  quartzyte,  from  the  falls,  center  of  Sec.  8, 48, 16. 

Near  the  center  of  Sec.  8,  is  another  fall  of  twenty-two  feet,  the 
river  coming  directly  across  the  slate  range  from  the  N.  W. ,  the  slate 
striking  E.  and  W.  The  beds  here  dip  33^  toward  the  S.  S.  W., 
swinging  round  to  the  S  S.E. ,  and  being  then  in  a  dip  of  39  to  43°.  This 
highest  dip  is  seen  at  the  narrows,  where  the  water  crosses  the  strike  of 
the  heavy  beds.  At  these  falls  the  rock  appears  less  slaty  than  usual, 
though  occasional  similar  layers  of  more  siliceous  rock  occur  mingled 
with  the  slates  at  points  lower  down  the  dalles.     Here  are  heavy  sili- 
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<;eoui  layers  that  require  for  the  formation  rather  the  designation  of  a 
quartzy te  than  a  slate.  Yet  it  is  slaty,  and  breaks  with  the  cleavage 
easier  than  against  it.  The  rock  here  is  also  accompanied  with  depos- 
its of  white  quartz,  which  is  like  that  seen  at  Little  Falls,  and  cracks 
op  like  that.  The  quartz  deposits  are  seen  to  be  rather  veins  than 
foliations,  though  they  follow  nearly  the  direction  of  the  slaty 
'Cleavage. 

The  strike  of  the  slate  hills  in  sections  9  to  4,  (48,  16,)  is  east,  10** 
north,  and  the  dip  is  from  46^  to  60"*  toward  the  south,  and  the  slaty 
•cleavage  runs  almost  east  and  west. 

467.  Rock  of  the  dyke  at  Thomson  bridge. 

468.  Rock  adjoining  the  dyke  at  Thomson  bridge. 

The  river  at  the  railroad  bridge  over  the  St.  Louis  is  running  in  the 
•course  of  a  dyke  of  igneous  rock,  about  twenty-five  feet  wide.  This 
being  more  jointed,  and  at  the  same  time  more  easily-  rotted  and  disinte- 
grated, has  caused  the  gorge  through  which  the  river  passes  under  the 
bridge.  The  walls  on  either  side  being  of  hardened  quartzitic  slate, 
are  much  more  durable.  This  dyke  is  visible  in  the  bluflF  facing  the 
bridge  down  stream,  and  the  rock  is  coarse  and  gray,  but  it  is  nearly 
liid  by  its  own  tumbling  debris,  while  the  slates  stand  up  firm  from 
sixty  to  seventy  feet  above  the  river.  The  dyke  has  a  direction  N.  N. 
E.,  but  is  some  crooked. 

There  is  an  island,  also  of  hardened  slate  and  quartzyte,  in  the  river, 
visible  from  the  bridge.  This  is  due  to  the  existence  of  another  frac- 
ture in  the  formation  which  runs  southwardly  nearly  to  the  bridge 
when  it  unites  with  the  larger  dyke;  but  just  as  it  meets  the 
larger  d^'ke,  the  intervening  slates  were  so  finely,  and  so  entirely  met- 
amorphosed, that  the  hardened  mass  has  formed  still  another  island 
{in  very  high  water,)  on  which  a  pier  of  the  foot-bridge  rests.  There 
is  no  evidence  of  this  second  smaller  dyke  except  the  gorge  and  the 
hardened  slate  walls.  This  gorge  that  forms,  with  the  larger  gorge, 
the  two  isLinds,  continues  northward  a  short  distance  in  the  north 
bank  of  the  stream,  but  there  is  so  much  fallen  drift  and  quartzyte  in 
it  that  no  igneous  rock  can  be  seen.  The  dip  of  the  formation  is  46*^**. 
Half  a  mile  northeast  is  a  large  dyke,  sixty  feet  wide,  which  comes  to 
the  river  between  Thomson  and  the  railroad  bridge.  It  runs  at  an 
angle  of  forty -six  degrees  with  the  strike  of  the  slate  and  quartzyte 
hills,  but  it  is  much  more  easily  destroyed  than  they. 

469.  From  near  Miller's  Mill,  north  of  Thomson,  a  quarter  of  a 
mile.  This  is  from  a  bed  of  harder,  non -slaty,  gray  quartzyte,  belong- 
UQ^  to  the  formation.      It  weathers  nearly  white  from  feldspathic 
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ingredients,  and  from  the  abundant  quartz,  so  as  to  look  much  like  the 
trachytes  of  the  western  territories,  but  within  is  much  darker.  This 
bed  is  eleven  feet  thick,  and  in  some  places  is  conglomeritic.  It  has 
slaty  layers  on  each  side  of  it.  It  is  massive,  but  parted  by  seams  of 
white  quartz,  some  of  which  are  four  inches  thick.  These  seams 
wedge  out  lenticularly,  and  diagonally  across  the  beds.  The  same  sort 
of  quartz  veins  are  in  other  parts  of  the  formation.  Indeed,  white 
quartz  deposits  are  quite  frequent  in  all  kinds  of  seams  or  joints,  or 
cleavage  openings.  The  feldspar  of  this  rock  is  triclinic  and  the  ridge 
is  faHltedy  the  east  side  being  moved  south  about  twelve  feet.  (V. 
Nos.  310,  and  418,  and  505). 

470.  Slate,  quarried  for  roofing,  near  Miller's  Mill.  This  is  black 
and  of  even,  fine  grain. 

471.  Slate  like  the  last,  from  another  old  quarry. 

472.  White  quartz,  from  a  heavy  deposit,  forty  rods  above  the  rail- 
road bridge,  where  the  county  road  crosses  the  river,  in  the  right  bank. 
It  is  embraced  in  the  slate,  and  its  manner  of  occurrence  is  exposed 
on  the  side  toward  the  river.  It  coincides  in  direction  with  the  slaty 
cleavage.  Near  the. top,  the  deposit  is  nearly  ten  feet  thick,  N.  and  S. 
but  standing  vertical  it  runs  but  little  distance  downward.  It  can  be 
seen  to  run  out,  almost  entirely,  about  twelve  feet  below  the  top, 
something  like  the  roots  of  a  tooth  running  into  the  jaw  below  the 
crown.  It  is  not  coincident  with  the  bedding,  nor  with  any  system  of 
joints,  but  stands  perpendicular.  It  extends  E.  and  W.  conspicuously 
about  ten  rods.  It  is  crossed  by  a  narrow  dyke,  and  it  is  faintly  ex- 
liibited  on  the  wall  of  a  slate-ridge  further  west,  and  at  a  level  twent}"- 
five  feet  higher.  Along  the  river  channel  where  the  water  sweeps  it, 
one  large  root  runs  below  the  water  with  a  width  of  nearly  two  feet, 
and  also  another  of  six  inches,  but  the  greater  part  of  it  pinches  out 
within  ten  feet  of  tlie  top.  At  the  place  of  deposit  of  this  quartz  there 
seems  to  have  been  an  anticlinal  locally  formed  in  the  slate  formation, 
and  the  opening  produced  by  the  upheaved  fracturing  was  afterward 
filled  by  quartz,  some  of  it  also  collecting  in  other  openings,  the  whole 
standing  in  nearly  a  vertical  position.  All  about  here  is  evidence 
of  much  displacement  and  crumpling,  but  rarely  is  there  seen  so  evi- 
dent a  dip  toward  the  north.  The  quartz  is  milky  white,  and  mainly 
massive,  but  sometime-*  shows  a  splintery  cleavage  in  the  direction  of 
the  slates.  It  is  jointed,  and  disintegrates  by  falling  out  in  blocks 
which  are  distributed  down  the  river,  and  once  probabl}'  furnished 
stones  for  the  quartz  conglomerateJ(No  44^  )     As  to  minerals,  this 

quartz  contains  galenite,  pvrite  and  siderite. 
2 
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473.  Pyritiferous  gray  quartzyte  (?);  from  the  ridge  along  which 
the  large  quartz  vein  (472)  is  visible.  The  pyrite  is  scattered  in  per- 
fect cubes,  sometimes  three-fourth  inches  across,  and  occasionally  an 
inch,  through  the  rock.  The  most  of  the  cubes  are  about  the  size  of 
peas.  The  rock  is  like  No.  469,  but  finer,  and  has  siderite  as  well  as 
pyrite  disseminated  finely  through  the  whole,  the  former  becoming  oxi- 
dized at  the  surface. 

In  some  of  the  quartz  veins  which  cross  the  strike  diagonally,  par- 
ticularly in  rock  469,  and  473,  which  veins  die  out  and  are  replaced  by 
others  a  little  further  to  the  right  or  left,  lenticularly,  the  white  quartz 
has  been  iutercrystalized  with  siderite,  which  on  weathering  changes 
to  haematite,  and  then  washes  out  if  wholly  free  to  the  air,  leaving  a 
gashed  appearance  among  the  q.iartz  crystals  when  exposed.  On  deep 
fracture,  when  not  thus  exposed,  the  siderite  is  preserved — and  in 
other  places  can  be  seen  passing  into  haematite. 

474.  Dyke  rock,  near  the  Northern  Pacific  Junction.  This  dyke  is 
thirty  feet  wide.  The  average  dip  of  the  slate  formation  in  S.  W.  i 
Sec.  6,  T.  48,  16,  is  57  deg.  to  the  S.  5  deg.  E.  West  of  dyke  rock. 
No.  474,  which  is  a  little  east  of  Paine'ssaw  mill,  are  other  dykes,  par- 
allel to  474,  one  being  still  nearer  the  mill,  on  the  east  side,  and  one 
west  of  the  mill.  They  all  run  about  N.  5  deg.  E.  (compass),  with  a 
slight  variation  a  little  east  or  west  of  that,  and  they  all  consist  essen- 
tially of  the  same  kind  of  rock~a  greenish  gray  doleryte.  In  both  re- 
spects they  are  like  those  seen  crossing  the  river  below  Thomson. 

475.  Doleryte  from  the  most  westerly  of  the  above  mentioned 
dykes — one  of  the  triclinic  feldspars  appears  porphyritically  in  this^ 
wcich  is  not  common  in  the  rock  of  these  dykes. 

Up  Otter  Creek,  two  or  three  miles  west  of  the  Junction,  there  is 
said  to  be  a  large  exposure  of  rock,  like  that  at  the  Junction.  It  seems 
then  to  continue  on  to  Moose  lake,  where  it  is  again  seen  thirty  miles 
south  of  the  Junction,  and  causes  a  rough  and  more  elevated  tract  of 
country.  On  the  road  to  Twin  lakes,  about  a  mile  south  of  the  Junc- 
tion, there  are  three  or  four  ridges  of  slate. 

Northward  from  the  Junction,  along  the  Knife  Falls  railroad,  a  num- 
ber  of  cuts  in  the  rock  display  its  character  and  position.  Cut  No.  1 
is  about  three-fourths  mile  from  the  Junction  and  is  in  slate  that  dips 
south  at  about  the  usual  angle.  There  is  a  little  ridge  further  north,^ 
and  on  the  west  side,  that  has  a  much  higher  dip  to  the  south — about 
seventy-five  degrees.  Cut  No.  2,  which  is  nearly  a  mile  further  north 
is  in  a  hard,  gray,  massive  quartzyte,  which  has  joints  running  in 
various  directions,  and  shows  no  dip,  but  in  a  small  slate  outcrop  along 
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its  northern  side  there  is  sign  of  sedimentation  dipping  about  45  deg. 
S.  (as  usual.)  The  same  dip  can  be  seen  in  a  parallel  slate  range  on 
the  west  of  the  road  nearly  opposite  this  cut.  This  quartzyte  range  is 
high,  long  and  conspicuous  toward  the  east,  but  to  the  west  it  soon 
ceases.  The  slate  range  on  the  west  also  is  short,  and  the  surface  set- 
tles down  to  a  valley  in  which  there  is  a  stream,  with  a  high 
timbered  plateau  on  the  north  side. 

Cut  No.  3,  about  two  miles  north  of  the  Junction,  is  near  this  high 
land,  but  the  road  bends  east  at  the  cut  so  as  not  to  go  directly  toward 
it.  (See  No.  505.)  North  and  west  of  the  Junction  are  numerous 
slate  ridges  which  are  not  struck  by  the  railroad. 

T-  e  river  below  Thomson  is  filled  v.ith  rapids  and  falls  all  the  way 
to  **Bridge  No.  5."  There  are  four  spots,  in  particular,  where  there 
is  valuable  water  power:— first,  near  bridge  No.  5,  where  the  river  in 
a  short  space  is  divided  into  various  channels,  by  six  islands  that  occur 
between  its  banks.  Three  of  these  islands  are  above  the  fall  and  three 
are  below,  but  there  is  also  a  considerable  fall  above  island  No.  3 
(numbering  from  below)  extending  to  near  the  head  of  island  No.  6. 
This  whole  fall  is  fifty -five  feet.  The  existence  of  the  islands  and  the 
widening  of  the  river,  as  well  as  the  extent  through  which  the  fall  is 
carried  before  it  reaches  rather  quiet  water  again,  <ire  favorable  for  the 
improvemeut  of  this  power,  and  is  utilization.  But  a  short  distance 
above  the  head  of  island  No.  6,  is  the  second  fall,  where  the  river  is 
narrow,  but  has  the  rock  formation  of  the  country  in  conspicuous 
strike  along  each  bank  confining  the  water  like  artificial  dykes,  within 
troughs  which  run  somewhat  obliquely  across  the  course  of  the  river, 
and  rising  in  knobs  and  rough  islands  (with  constant  dip  toward  the 
S.  E.)  in  the  midst  of  the  river  itself,  sometimes  eighteen  or  twenty 
feet.  This  condition  of  the  river  extends  from  near  the  bead  of  island 
No.  6  to  the  dyke  (No.  462  above),  which  is  near  the  mouth  of  the 
creek  that  crosses  the  railroad  on  the  N.  W.  \  of  Sec.  10,  and  the  fall 
here,  which  may  be  called  cascade  No.  2,  amounts  to  sixty-five  feet. 
There  is  then  a  gradual  ascent  of  twenty -five  feet  anumg  the  rocks  to 
the  foot  of  the  fall  at  island  No.  7,  and  of  twenty -five  feet  more  in  get- 
ting round  the  island  itself,  where  the  river  is  divided  and  beautified 
by  the  disposition  of  the  slate  ranges  as  already  described  under  No. 
464.  This  is  cascade  No.  3.  Above  this  the  river  is  more  steady  in 
descent  for  one-half  mile,  when  there  is  a  widening  of  the  channel 
near  the  mouth  of  a  little  creek  from  the  north,  :ind  a  fall  of  about  six 
feet  over  one  of  the  harder  beds  that  protrudes  above  the  rest.  This 
goes  diagonally  across  the  stream.     There  is  then  a  similarity  in  the 
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stream  to  and  beyond  the  '^retaining  wall**  of  the  railroad,  a  distance 
of  nearly  a  mile,  through  which  there  is  actually  a  steady  ascent, 
amounting  in  the  aggregate,  from  the  head  of  cascade  No  3  to  the  foot 
of  the  Thomson  Fall,  to  seventy  feet  The  Thomson  Fall  is  regarded 
as  beginning  near  the  133d  mile-post  of  the  railroad,  (near  the  center 
of  Sec.  8)  and  extending  to  the  large  island  on  Sees.  5  and  6.  That 
part  of  it  below  the  mouth  of  Otter  creek  which  joins  the  river  near 
the  railroad  bridge  south  of  the  railroad,  extending  a  distance  of  nearly 
a  mile,  is  thirty  feet,  and  is  caused  by  the  strike  of  the  rock  going 
directly  across  the  river,  causing  it  in  several  places  to  be  suddenly 
contracted  in  width  to  twenty  or  twenty-five  feet,  through  which 
narrow  passages  the  river  rushes  with  some  fall  and  a  swift  current. 
The  most  of  the  fall  is  near  the  foot  of  the  distance  stated,  but  there 
is  an  irregular  rapid  and  rocky  river  all  the  way  up  to  the  railroad 
bridge  that  cannot  consistently  be  subdivided,  though  it  is  more  rocky 
at  and  near  the  mouth  of  Otter  creek.  That  part  above  the  mouth  of 
Otter  creek,  extending  to  the  foot  of  the  large  island,  is  thirty-five  feet. 
The  greater  part  of  this  is  near  the  foot  of  the  island,  but  the  river  is 
a  rushing  torrent,  in  a  rough  narrow  gorge,  sometimes  split  by  islands, 
all  the  way  from  the  first  fall  to  the  creek.  The  total  fall  from  the 
brink  of  Knife  Falls  to  the  water  at  the  foot  of  the  lowest  falls,  N.  E. 
i  Sec.  15,  T.  48,  16,  by  ameroid,  is  five  hundred  feet,  with  an  esti- 
mated descent  of  fifty  feet  more  to  the  level  of  Lake  Superior. 

476.  Rock  from  near  the  river,  south  bank,  about  a  mile  above 
Knife  Falls.  The  same  formation,  with  the  same  dip  and  outward  as- 
pect occurs  along  here.  It  extends  at  least  to  the  village  of  Cloquet, 
the  direction  of  the  slates  being  E.  10  deg.  S.  inclined  to  the  south  at 
an  angle  of  75  deg.  or  80  deg.  Along  the  river  are  occasional  low  slate 
exposures.     The  islands  are  caused  by  low  slate  elevations. 

477.  From  the  same  place  as  the  last;  coarser,  similar  to  that  near 
Miller*s  Mill.  (No.  469  ) 

These  rocks  are  in  some  places  cut  b}'  slaty  cleavage.  They  are 
rather  firm,  but  have  a  r/rain  running  in  the  line  of  the  slaty  cleavage 
(476),  but  in  other  places  (477),  it  is  not  affected  by  cleavage,  but  is 
cut  by  joints  running  in  all  directions  across  it,  so  that  there  is  a  sem- 
blance to  dip  toward  both  the  south  and  north.  The  slaty  cleavage 
goes  diagonally  across  the  jointage  systems.  After  a  careful  study  the 
dij)  is  made  out  satisfactorily  to  be  toward  the  south.  Between  this 
place  and  the  Indian  Reservation,  which  is  a  mile  above  'Tose's,'*  the 
country  is  covered  with  drift,  and  timbered  heavily.  At  Pose's  the 
bank  is  about  one  hundred  feet  high,  and  apparently  consists  wholly 
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of  drift.  Usually  there  is  a  belt  of  swampy,  clayey  alluvium  between 
the  drift  banks  and  the  river,  about  six  feet  above  the  present  stage  of 
the  water.  The  river  is  very  quiet  above  Pose's  to  the  little  island 
known  as  Pine  I.<lawl,  three  miles  above,  where  there  is  a  fall  of  about 
eight  feet  in  a  tumbling  rapid,  the  most  of  the  descent  being  below 
the  island.  No  rock  in  place  is  visible  at  the  island — only  boulders, 
of  many  varieties,  chiefly  like  the  Rice  Point  rock  at  Duluth.  The  is- 
land has  a  covering  of  tall  pine  trees.  The  country  is  not  hilly,  only 
moderately  undulating,  with  considerable  good  pine.  The  long,  nar- 
row island  at  Pose's  is  low  and  not  rocky,  or  stony,  even,  but  sjindy 
and  clayey.     The  lower  islands  are  rocky. 

478  Represents  the  last  rock  on  the  right  bank  of  the  St.  Louis 
above. Knife  Falls.  This  is  found  on  the  south  bank  nearly  opposite 
the  foot  of  the  island  known  as  Homestead  Island,  very  near  the  same 
place  as  No.  477  and  476,  but  further  west  This  is  firm,  gray, 
crystalline,  with  translucent  grains  as  if  of  quartz,  also  having  rusty 
specks  when  weathered,  as  if  from  oxidized  siderite  or  pyrite.  This, 
under  the  microscope  shows  in  thin  sections  that  it  is  one  of  the 
arenaceous  members  of  the  formation.  This  is  an  important  rock- 
horizon.  It  seems  to  run  further  east,  and  also  to  extend  under  the 
river,  forming  the  islands — at  least  such  layers  occur  in  the  strike  of 
the  island -5,  and  also  form  the  brink  of  Knife  Falls.  It  varies  a  little, 
becoming  more  like  the  rock  at  Miller's  Mill,  (469),  than  478  is. 

This  is  supposed  to  be  Norwood's  *'last  rock,"  which  he  styled  an 
igneous  rock,  or  doleryte,  (his  No.  454),  having  a  direction  nearly 
north  and  south,  crossing  the  river  nearly  at  right  angles.  This  rock 
has  translucent  grains  (which  may  be  his  supposed  nepheline)  but  it  is 
certainly  a  part  of  the  formation  and  strikes  east  and  west. 

479.  Rock  from  the  brink  of  Knife  Falls,  similar  to  No.  477,  a  gray 
quartzyte. 

480  From  the  brink  of  Knife  Falls,  finely  crystalline,  with  minute 
grains  of  quartz  visible  in  thin  section.  There  are  places  in  the  for- 
mation where  there  is  a  change  in  the  crystalline  character,  a  greater 
frequency  of  joints,  a  finer  grain,  a  loss  of  cleavage,  and  other  features 
that  accompany  the  metamorphosing  proximity  of  a  dyke,  but  where 
no  dyke-rock  can  be  seen.     This  sample  seems  to  be  from  such  a  place. 

At  Knife  Falls  the  descent  is  fifteen  feet  altogether,  and  about  six 
feet  perpendicular. 

On  the  island  first  above  Knife  Falls  the  dip  is  N.  25  deg  ,  forming 
an  angle  with  the  slaty  cleavage  which  dips  S.  about  85  deg.,  and  fre- 
quent joints  cut  the  strata.      The  rock  at  this  point  is  slaty  in  the  di- 
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rection  stated,  but  the  real  slatiness  does  not  appear  as  soon  as  a 
coarser  slaty  lamination  which,  on  the  surfaces  of  opened  jointage 
planes,  is  in  layers  about  one  and  one-fourth  inch  thick  and  looks  like 
a  bedding  of  sedimentation  dipping  almost  or  quite  parallel  with  the 
slaty  cleavage. 

481.  Slate,  from  the  point  above  described.  The  piece  has  the  lines 
of  supposed  sedimentation  crossing  the  slaty  cleavage  as  noted. 

Just  below  the  point  of  the  last  observatioif,  which  is  where  a  small 
channel  crosses  the  island  in  time  of  high  water,  is  a  nice  little  fall  of 
about  five  feet,  in  the  channel  on  the  north  side  of  the  island,  the 
channel  itself  being  about  twenty  feet  across.  This  rock  is  firmer 
than  the  rest  of  the  formation  here,  and  consists  of  alternations  of 
argillaceous  slate  with  a  slaty  cleavage,  and  a  gray  quartzyte.  This 
quartzyte  has  translucent  grains  like  the  rock  of  479.  Here  the  dip  is 
plainly  48  deg.  S.  3  deg.  E.,  the  alternating  quartzyte  and  slaty  layers 
beins:  a  sure  indication  of  trhat  the  dip  is.  This  observation  negatives 
the  last  note  in  regard  to  dip,  the  structure  there  supposed  to  be  dip 
(illustrated  by  No.  481),  being  due  to  a  former  slaty  cleavage,  or  to  a 
foliation,  or  to  a  striation  produced  by  friction,  or  to  what?  The 
water  crosses  the  strike  at  an  angle  of  about  46  deg.,  where  it  passes 
over  these  beds.  There  are  ten  beds  of  argillaceous  slate  that  do  not 
(with  one  exception  of  a  bed  of  about  three  feet)  exceed  eighteen  inches 
in  thickness,  some  being  but  about  six  inches,  alternating  with  hard 
and  gray  quartzyte  layers  which  have  a  little  greater  average  thickness. 
These  layers  strike  to  the  north  of  the  main  falls  in  the  south  channel, 
and  appear  on  the  east  end  of  the  island  below  the  falls.  The  slate 
beds  have  a  perpendicular  slaty  cleavage,  but  the  quartzyte  beds  have 
no  cleavage  of  that  kind,  but  are  variously  jointed.  The  slaty  cleavage 
gradually  fades  out  in  the  quartzyte  beds,  firmly  cementing  them  with 
the  slaty  beds.  Many  of  the  joints  of  the  quartzyte  pass  through  the 
slate  beds,  particularly  those  that  run  at  right  angles  to  the  strike. 

482.  From  the  above  slaty  layers. 

483.  From  the  above  quartzyte  layers. 

484.  Samples  showing  intermediate  characters. 

At  the  real  Knife  Falls,  which  are  on  the  N.  W.  i  of  the  S.  W.  i 
Sec.  13,  T.  49,  17,  and  face  toward  the  north,  the  brink  running  ex- 
actly east  and  west,  the  dip  is  48  deg.  toward  the  south,  and  the  rock 
consists  of  alternations  of  slaty  layers  with  gray  quartzyte,  exactly  as 
ast  described  for  mumbers  482-3-4.  But  there  are  here  two  very 
prominent  and  persistent  beds  of  the  gray  quartzyte,  one  of  which 
forms  the  brink  of  the  falls,  while  the   other  is  forty  feet  below  the 
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falls,  and  lies  immediately  over  the  section  of  beds  represented  by  Nos. 
482-3-4,  or  is  separated  from  them  by  an  interval  of  twenty  or  tvirenty- 
five  feet  occupied  by  the  same  sorts  of  rocks  as  those.  This  lower 
quartzyte  bed  forms  a  spit  of  jointed  rock  that  projects  eastward  just 
below  the  falls.  Along  the  banks,  both  on  the  island  at  the  west  end 
of  the  falls,  and  on  the  main  at  the  east  end,  immediately  below  the 
falls,  there  are  heavy  beds  of  gray  quartzyte  which  seem  to  be  as  dur- 
able as  the  rock  in  the  brink  of  the  fall,  but  they  have  not  resisted  the 
water  so  well  as  those  further  down,  just  mentioned.  They  rise,  how- 
ever, higher  in  the  banks,  especially  at  the  east  end.  The  rock  over 
which  the  water  plunges  has  a  basaltiform  jointed  structure  about  at 
right  angles  to  the  dip,  but  no  characters  of  undoubted  igneous  rock 
can  be  seen,  nor  evidence  of  igneous  action  m  the  form  of  dyke-rock. 
Yet,  just  at  the  west  end,  even  west  of  the  little  island  that  is  in  the 
fall  and  cuts  it  into  two  parts  (the  little  island  and  the  west  channel 
make  about  one-third  of  the  whole) — there  near  the  west  end  of  the 
little  channel  the  rock  is  closely  jointed  in  a  direction  N.  and  S.  (or 
nearly)  and  hardened,  becoming  fine-grained,  these  characters  also 
striking  the  spit  running  east  from  the  main  channel.  This  dyke-like 
appearance  has  a  width  of  about  four  feet,  and  although  it  is  in  a  low 
spot  across  the  spit  where  sometimes  water  flows  in  a  high  stage  of  the 
river,  yet  it  forms  a  little  island  in  the  rocky  channel  just  in  the  brink 
of  the  falls. 

485.  Is  from  this  fine-grained  rock  which  has  the  manner  of  a  dyke, 
though  it  does  not  show  the  mineral  characters  of  the  dykes  that  cross 
the  formation.  This  belt  runs  N.  and  S.  as  above  described.  In  thin 
section  this  rock  proves  to  be  granular  and  finely  arenaceous,  and 
hence  a  part  of  the  country  formation. 

486.  From  the  quartzyte  spit  below  the  falls. 

487.  Slaty  alternations  in  the  spit  below  Knife  Falls. 

488.  Gray  quartzyte,  similar  to  478  and  469. 

This  is  from  the  north  channel,  from  near  the  lower  end  of  the  third 
island  (not  counting  the  little  island  in  the  brink  of  the  falls)  and  is 
north  of  that  called  Homestead  Island.  The  rapids  are  twenty  rods 
above  its  first  exposure,  which  is  much  greater  than  on  the  south  shore 
where  478  was  obtained.  These  heavy,  gray  quartzyte  beds,  although 
they  differ  widely  from  the  most  of  the  formation,  having  a  massive 
and  jointed  outward  aspect,  and  thus  resemble  the  dykes  of  true  igne- 
ous rock,  have  not  the  composition  of  the  dolerj^tes.  Further,  they  run 
E,  and  W.  instead  of  N.  and  S.,  and  are  interbedded  with  slaty  layers. 
They  could  not  be  mistaken  for  dykes  wherever  their  stratigraphic  rela- 
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tions  are  visible.  In  this  place  no  other  rock  can  be  seen.  It  extends 
along  the  shore  about  thirty  rods  (E.  and  W.)  and  does  not  vary.  The 
main  jointage  system  runs  N.  3  deg.  E.  The  rock  gradually  disappears 
among  boulders  some  of  which  are  very  large,  and  yet  seem  to  be  like 
the  same  rock.  They  show,  however,  a  little  grain j  or  schistose  struc- 
ture, approaching  that  seen  in  some  of  the  slaty  beds  of  the  formation, 

489.  Samples  from  one  of  these  large  boulders  that  seem  to  show  a 
gradation  *toward  the  slaty  beds.  In  rock  488  are  veins  of  white  quartz 
some  being  five  inches  thick. 

About  fifty  rods  further  up  the  north  channel  is  a  cross-channel,  be- 
tween two  islands,  the  water  running  north;  opposite  which,  and  im- 
mediately below,  in  the  middle  channel,  are  seen  other  rapids  and  much 
rock  in  place.  The  surveyors*  plat  of  the  river  about  Knife  Falls  is 
quite  faulty.  The  islands  are  all  represented  as  one,  and  the  river 
seems  to  have  but  two  channels  instead  of  three.  This  rock  shows  a 
slaty  cleavage  running  E.  and  W.,  which  has  a  dip  to  the  north,  or  is 
nearly  perpendicular.  It  belongs  to  the  formation  of  the  country. 
South  of  this  rock  exposure,  which  forms  a  rapid  place  crossing  the 
middle  channel  diagonally,  is  Homestead  Island,  or  island  No.  5.  The 
rock  is  very  like  that  forming  the  falls,  but  probably  lies  below  it,  as 
it  is  a  little  further  north.  In  these  rapids  is  a  little  rocky  island,  ris- 
ing about  eight  or  ten  feet  above  the  river,  having  three  or  four  grow- 
ing pines  and  cedars.  These  rapids  are  higher  up  the  river  than  Nor- 
wood's **last  rock.'' 

490.  An  arenaceous,  somewhat  slaty,  har«l,  gray  rock,  from  the 
rapids  in  the  middle  channel,  north  of  island  No.  5,  near  Knife  Falls. 

491.  From  i»ear  the  same  place  as  No.  490,  and  related  to  it  in  posi- 
tion, in  the  same  manner  as  the  spit  of  hard  rock  below  the  falls  is  to 
the  rock  in  the  brink  of  the  falls,  ?.  e,  in  a  conspicuous  strike  parallel 
and  thirty  or  forty  feet  further  north;  a  firm  gray  quartzyte. 

492.  Doleryte,  from  large  boulders  at  the  rapids  at  the  head  of  is- 
land No.  4,  scattered  about  as  if  from  a  large  dyke  in  place  near,  but 
cannot  be  seen  in  place. 

493.  Gray  quartzyte  from  boulders  apparently  derived  from  the  rock 
in  place  near.     The  rock  of  the  formation  is  in  place  at  this  point. 

494.  Rock  from  one  of  the  firmer  beds  of  the  formation  about  one- 
half  mile  below  Knife  Falls,  at  the  river  bank. 

Below  Knife  Falls  in  the  first  quarter  of  a  mile  there  is  a  descent  by 
rapids,  of  about  twenty  feet.  The  river  then  turns  SE.  The  water  is 
still  rapid,  and  has  a  broken  cascade  over  boulders  at  one*half  mile, 
with  a  fall  of  about  three  feet.     The  rock  is  exposed  constantly  from 
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Ejiife  Falls,  the  precipitous  walls  rising,  at  the  cascade  just  mentioned, 
to  the  hight  of  twenty -five  feet. 

At  a  quarter  of  a  mile  below  this  is  a  fall  of  about  seventeen  feet  in 
three  hundred  teet,  there  being  no  perpendicular  fall.  There  is  a  divi- 
sion of  the  stream  into  four  channels  by  the  strike  of  five  different  per- 
sistent beds  in  the  formation,  the  water  running  in  the  strike  of  the 
intervening  beds,  the  hard  beds  forming  islands  in  the  falls.  The 
width  ol  the  river  at  the  brink  is  about  two  hundred  and  thirty  feet» 
and  a  dyke  of  about  two  hundred  feet  crosses  the  river  just  at  the  head 
of  thefall.  This  dyke  is  destroyed  by  the  river  faster  than  the  rock 
itself,  owing  to  its  frequent  jointage;  and  the  most  rapid  descent  of 
the  water  is  over  the  hardened  beds  of  the  formation  on  the  east  side 
of  the  dyke. 

496.  Rock  from  the  two  hundred  feet  dyke  at  the  falls  above  men, 
tioned.  This  dyke  runs  N.  5  deg.  E.,  and  is  of  a  firm  and  fine  grain" 
though  principally  feldspathic.  The  dyke  is  finely  jointed  and  easily 
shattered  by  the  frost.     The  dip  of  the  formation  is  S.  60  deg. 

About  one-fourth  mile  below  this  fall  the  river  turns  about  south, 
so  as  to  go  directly  against  the  strike  of  the  rocks.  The  banks  increase 
in  height,  the  dip  increases  in  degree,  and  at  three-fourths  of  a  mile  fur- 
ther, there  is  a  high  rocky  island  (Fortress  Island)  from  the  foot  of 
which  a  portage  trail  sets  out  to  Knife  Falls,  on  the  west  side  of  the 
river.  The  larger  part  of  the  stj  eam  passes  on  the  left  of  the  island, 
the  descent  being  eight  feet  over  large  boulders.  At  this  place  the 
rock  of  the  country  is  wholly  slaty;  and  although  a  short  distance 
above  the  island  there  is  a  gradual  change  in  dip  from  60  to  TO  deg., 
and  then  to  90  deg.,  as  the  river  exposes  the  beds,  yet  in  vie  win 'j  the 
island  from  the  N.  W.  down  stream,  there  is,  besides  the  slaty  cleav" 
age,  a  coarse  bedding  or  jointage  system  visible  on  the  east  side  of  the 
island  that  seems  to  dip  about  45  deg.  S.  £.  At  a  distance  the  island 
itself,  in  its  perpendicular  walls,  covered  with  a  red  lichen,  cut  by 
joints  that  cause  the  slates  to  fall  away  in  masses,  looks  like  a  basaltic 
island  of  igneous  rock.  But  there  is  no  igneous  rock  in  it.  It  rises 
fifty  or  fifty -five  feet  above  the  water,  and  is  covered  by  small  pines, 
among  which  are  many  Norways.  The  actual  bedding  either  coincides 
with  the  slaty  cleavage  or  dips  S.  E.  at  about  45  deg.  This  is  an  in- 
teresting spot.  The  appearance  of  the  island  reminds  one  of  basaltic 
Staffa,  but  of  course  its  structure  does  not  illustrate  that.  The  banks 
of  the  river  are  not  so  high  as  the  island,  but  on  the  east  side  the  rock 
rises  fully  as  high  a  short  distance  back.     Below  the  island  the  valley 
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is  deep  and  has  high,  slaty  walls,  the  water  being  steady  for  at  least 
half  a  mile. 

The  portage  trail  which  sets  out  here,  going  west,  is  that  traveled 
by  Norwood,  and  by  the  explorers  and  geologists  that  preceded  him. 
Duluth  was  probably  the  first  white  man  that  passed  over  it.  It  leads 
to  the  Mississippi  and  to  Vermilion  lake.  Douglass  Houghton  traveled 
it  with  Schoolcraft,  and  with  Lewis  Cass.  It  was  the  outlet  for  the 
immense  fur-traffic  of  the  Upper  Mississippi  region.  The  name 
"Knife  Portage,*'  by  which  it  is  usually  known,  is  well  applied,  be- 
cause where  it  starts,  and  for  some  distance,  the  slates  are  thin,  per- 
pendicular and  sharp  like  knives. 

496.  The  rock  of  the  conntry,  from  the  beds  in  situ  at  the  head  of 
the  uppermost  of  the  chaiA  islands  above  Knife  Falls,  (same  as  493.) 
This  was  got  by  Mr.  Terry  on  making  a  re-examination  of  the  rapids. 
He  reported  no  dyke  in  place  there. 

497.  From  near  the  middle  of  the  central  channel,  a  short  distance 
above  the  head  of  the  uppermost  chain  island,  gray  quartzyte,  (Terry.) 

Mr.  Terry  also  found  similar  rock  in  place  near  the  head  of  Home- 
stead Island,  but  a  little  on  the  north  side,  in  the  central  channel, 
which  seems  to  be  really  the  **last  rock'*  to  be  found  in  the  St.  Louis, 
until  reaching  its  higher  tributaries. 

498.  The  rock  of  the  country  from  one  hundred  and  fifty  yards 
above  the  fall  where  495  was  obtained.     (Weitbrecht.) 

499.  Rock  immediately  overlying  498.     (Weitbrecht.) 

500.  Slate  from  just  below  the  falls  described  under  No  494. 
(Weitbrecht  ) 

501.  Doleryte  dyke-rock,  center  of  Sec.  19,  49,  16,  right  bank  of 
the  river. 

Below  Fortress  Island,  where  the  first  little  rapid  is  seen,  a  dyke 
crosses  the  river  about  N.  and  S.  It  is  forty  or  fifty  feet  wide,  and  is 
best  exposed  in  the  right  bank  some  rods  below  the  rapids.  It  is  rep- 
resented by  No.  501  This  dyke  appears  again  thirty  rods  further 
down,  and  can  be  traced  for  half  a  mile  along  the  right  bank,  to  and 
beyond  the  floodwood.  The  direction  of  this  dyke  carries  it  across  the 
railroad,  near  Paine 's  mile  at  N.  P.  Junction. 

The  river  is  then  tolerably  slow  to  and  beyond  the  cluster  of  small 
islands  just  below  the  floodwood  (hence  named  Floodwood  Islands.) 
The  floodwood  now  is  a  floating  jam,  in  length  about  the  same  as  the 
width  of  the  river,  six  hundred  feet,  with  a  few  alders  on  it,  and  is 
wholly  above  the  islands,  the  lower  end  of  it  being  about  1,200  feet 
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above  the  islands.     There  is,  however,  a  considerable  other  floodwood 
lodged  about  the  islands  and  sunken  between  them. 

The  river  is  then  slow  and  broad  down  to  three  other  islands  (not 
represented  on  the  surveyors'  charts)  below  which  it  again  soon  de- 
scends over  rapids  caused  by  boulders,  about  two  feet.  Here  the  river 
is  broad  and  shallow.  Then  appear  two  islands  represented  in  the  S. 
W.  i  Sec.  30.  Between  the  larger  of  these  and  the  right  bank  of  the 
river  is  another  rapid  descent  about  three  feet,  over  boulders.  The 
rock  of  the  country,  however,  closely  underlies,  as  shown  by  an  out- 
crop a  few  rods  west  of  the  right  bank 

At  about  a  mile  above  **Cut  No.  3"  (N  )  on  the  grade  of  the  Knife 
Falls  railroad,  mentioned  under  No  475,  a  creek  crosses  the  new  grade. 
At  this  place  there  is  a  cut  in  the  rock  on  each  side  of  the  bridge. 
That  on  the  south  side  is  short  and  about  four  feet  high,  while  that  on 
the  north  side  is  about  nine  feet  high,  and  extends  about  one  hundred 
and  twenty  feet.  In  the  south  cut  the  slaty  cleavage  dips  to  the  south, 
bat  is  nearly  perpendicular.  In  the  north  cut  it  is  also  nearly  perpen- 
dicular but  dips  to  the  north.  The  sedimentary  bedding  is  not  dis" 
cerned.  There  are  belts  of  lumpy,  white  vesicular  quartz,  coincident 
with  the  slaty  cleavage,  w^hich  lenticular  lumps  are  surrounded  by  a 
greenish  slippery  coating  that  often  appears  slickensided.  These  belts 
are  sometimes  wholly  of  quartz,  and  are  continuous  for  some  feet,  and 
reach  five  or  six  inches  in  thickness.  They  seem  to  be  the  result  of 
foliation  coincident  with  the  direction  of  the  original  sedimentation. 

At  the  next  cut  which  is  about  one-fourth  mile  further  north,  the 
depth  is  five  feet,  and  the  slaty  cleavage  dips  slightly  to  the  north. 
The  cut  extends  about  four  and  one-half  rods.  The  rock  is  wholly 
slaty,  and  no  sedimentary  structure  is  oy>servable  unless  it  coin3ide8 
with  the  slaty  cleavage. 

The  road  runs  over  water-worn  boulders,  with  much  corduroy,  with 
no  soil,  nearly  to  the  creek  mentioned  Then  there  is  a  filling,  then 
occasional  fills  and  shallow  cuts  in  a  little  stony  loam,  with  large 
boulders,  the  country  being  clothed  with  swampy  varieties  of  trees. 

Just  beyond  the  point  where  the  road  strikes  the  drift  bluff^s  of  the 
river,  another  cut  in  slate-rock  appears,  the  cleavage  dipping  north,  as 
before,  and  including  conformable  layers  or  folia  of  white  quartz,  in 
varying  quantities  This  is  a  firm  slate,  suitable  for  roofing,  like 
much  of  it  throughout  the  country.  A  short  distance  further  are  two 
small  cuts  in  slate.  In  the  northern  one  the  slaty  cleavage  is  different 
in  different  parts  contiguous.  The  most  of  it  dips  toward  the  north, 
at  an  angle  of  about  45  deg. .  but  in  the  midst  of  it  are  two  belts  that 
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run  from  the  top  to  the  bottom  of  the  cut,  in  which  the  dip  is  about 
80  deg.  toward  the  north.  This  cut  is  thirty  feet  long  and  six  feet 
high.  Further  N.  W.  the  road  runs  on  a  dirt  fill  on  the  slate  ranges 
about  a  quarter  of  a  mile.  The  rock  can  be  seen  and  shows  heavy 
bedding  dipping  toward  the  south  about  45  deg. ,  the  slaty  cleavage 
crossing  the  bedding  with  a  dip  of  about  the  same  amount  in  the  op- 
posite direction,  the  cleavage  showing  a  tuist  out  of  the  normal  direc- 
tion as  it  passes  the  joints  from  bed  to  bed.  The  whole  aspect  of  these 
^idges  is  light-green. 

At  half  a  mile  further  is  a  long  cut  in  greenish  slates,  perpendicular, 
or  at  'the  north  end  slightly  dipping  to  the  north,  and  at  one-eighth 
mile  further  another  small  cut  having  the  same  features.  Two  more 
small  ones  appear  before  reaching  a  dyke  which  exposes  a  width  at 
least  of  thirty  feet.  It  appears  on  the  N.  E.  side  of  the  road  and  runs 
apparently,  E.  N.  E.  It  is  cut  by  the  grade  to  the  depth  of  about 
three  feet,  with  a  slate  cut  immediately  south  east  of  it.  At  half  a 
mile  further  another  dyke  of  similar  character  is  seen  near  the  Knife 
Falls.  It  is  in  place  by  the  N.  E.  side  of  the  grade,  and  was  slightly 
cut  in  the  grading.  Its  width  and  direction  cannot  easily  be  seen 
owing  to  the  forest. 

502.  Gray  doleryte,  like  No.  501,  from  the  dyke  last  mentioned. 
One  other  cut  in  slate  appears  beyond  the  dyke  about  a  quarter  of  a 
mile,  but  showing  only  on  the  north  side,  though  frequent  ranges  of 
slate  appear  along  the  grade  on  both  sides,  rising  six  or  ten  feet. 

503.  Gray  doleryte  from  the  E.  N.  E.  dyke  before  mentioned,  ap- 
parently the  same  as  No.  502. 

504.  Gray  quartzyte  holding  slate-pebbles,  as  if  conglomeriMc, 
about  two  and  one-half  miles  from  the  Junction  on  the  grade  of  the 
railroad,  situated  between  the  **Cut  No.  3**  and  the  creek  mentioned 
after  No.  501.  This  quartzyte  hardly  has  any  cleavage,  but  shows  a 
lamination  in  laminae  about  an  inch  thick,  which  indistinctly  appear 
on  shattering  the  rock  by  blasting.  These  have  a  high  angle  of  dip 
toward  the  north,  across  the  bedding,  which  dips  south  at  about  the 
same  angle;  and  they  are  probably  the  product  in  this  quartzyte  of  the 
same  operation  that  caused  the  slaty  cleavage  in  the  slates.  Although 
styled  quartzyte,  here  as  well  as  in  other  places,  this  rock  also  contains 
a  large  ingerdient  of  feldspar  which  in  No.  504  is  partly  orthoclose. 
In  others,  the  feldspar  has  been  seen  to  be,  at  least  in  part,  a 
striated  feldspar.  The  >laty  pebbles  in  this  rock  are  rounded,  and  are 
often  half  an  inch  in  diameter,  and  occasionally  are  two  inches  long. 
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They  are  finegrained,  and  resemble  the  slippery  coating  that  surrounds 
the  quartz  deposits  mentioned  under  No.  501. 

505.  At  the  long  **cut  No.  3,"  mentioned  under  No.  475,  there  are 
several  interesting  features  exhibited  by  the  strata  of  the  formation. 
This  is  nearly  two  miles  north  oi  the  N.  P.  Junction. 

1st.  In  the  north  end  of  the  cut  the  slaty  cleavage  dips  north  about 
80  deg.,  and  in  the  south  end  it  is  nearly  perpendicular. 

2nd.  In  the  southern  portion  of  the  cut  is  a  change  in  the  forma- 
tion from  slate  to  a  gray  arenaceous  rock  like  Nos.  469,  478,  488,  491, 
493,  497  and  504,  though  it  is  not  conglomeritic  like  the  last;  and  the 
slaty  cleavage  on  both  sides  of  this  rock  is  conformable  with  its  sur- 
faces. This  rock  is  represented  by  No.  505.  It  has  somewhat  the 
outward  appearance  of  a  dyke  of  igneous  rock  crossing  the  road  in  a 
zigzag  course  E  5  deg  N.  It  weathers  nearly  white  and  has  a  width 
of  twenty-seven  paces. 

3rd.  This  rock,  (505)  has  no  slaty  cleavage,  but  a  coarse  jointing. 
The  slate  beds  on  the  north  side  dij)  N.  and  on  the  south  side  they  are 
about  perpendicular. 

4th.  On  the  east  of  the  road,  one-fourth  mile  distant,  is  a  high  hill 
of  rock  of  this  kind,  and  near  the  north  end,  on  the  west  side,  the 
ridges  show  a  twisting  in  their  strike,  or  a  quaquaversal  thr«  w,  so  that 
the  E.  and  W.  slaty  cleavage  crosses  them  diagonally,  the  ridges  bear- 
ing S.  E.  %nd  N.  W. 

5th.  Hence  the  slaty  cleavage  came  after  the  tilting  of  the  forma- 
tion, and  keeps  its  E.  and  W.  course  whatever  the  direction  or  amount 
of  the  dip. 

6th.  The  hill  of  this  rock,  above  mentioned,  is  east  of  the  road  less 
than  one-fourth  mile  It  is  an  isolated  knob  rising  about  twenty -five 
feet  above  all  the  other  ridges.  It  is  about  circular  and  five  rods  over, 
with  a  broad  rounded  top.  It  seems  to  be  a  sudden  augmentation  of 
No.  606  among  the  slates,  and  its  connection  with  No.  505  in  cut  No. 
3,  can  be  traced  connectedly.  The  course  of  505  is  about  toward  the 
rapid  in  the  St.  Louis,  three  quarters  of  a  mile  above  the  Big  Island  in 
the  river  near  Thomson. 

506.  Large  sample  of  slate,  showing  the  slaty  cleavage  crossing  the 
sedimentation,  from  one  mile  north  of  N.  P.  Junction,  Knife  Falls 
railroad. 

Along  the  east  side  of  the  Big  Island  near  Thomson,  the  ranges 
cross  the  river,  causing  rapids,  and  a  descent  of  about  ten  feet  in 
twenty  rods,  the  most  of  it  being  in  the  lower  ten  rods.  The  river 
here  runs  against  the  strike,  and  the  channel  is  narrowed  as  below 
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Thomson  suddenly,  to  about  thirty  feet.  The  rock  dips  45  deg.  N. 
and  stands  up  conspicuously  along  both  sides  of  the  channel,  the  slaty 
cleavage  dipping  45  deg.  to  the  south.  There  is  then  comparatively 
still  water  to  about  the  middle  of  Sec.  31,  (south  of  it  a  little),  where 
the  rock  again  causes  rapids  and  a  descent  of  six  or  eight  feet. 

507.  Gray,  slaty  quartzyte,  **just  across  the  north  channel  at  the 
head  of  the  second  rapids,  on  Homestead  Island."     (Terry.) 

508.  At  the  extreme  upper  end  of  Homestead  Island,  at  the  very 
point,  higher  up  than  any  rock  along  there  before  mentioned ;  a  gray 
quartzyte,  with  visible  grains  of  quartz.     (Terry.) 

509.  Some  rods  east  of  the  heal  of  Homestead  Island,  on  the  north 
side,  about  one  hundred  rods  west  of  the  head  of  the  rapids  that  there 
run  across  to  the  other  islands;  a  gray  quartzyte.     (Terry.) 

510.  Slate  from  the  very  foot  of  Homestead  Island,  below  the  rapids 
last  mentioned.     (Terry.) 

The  Chain  islands,  here  so  designated,  are  often  known  as  Green  Is- 
lands, from  the  man  who  preempted  them.  The  * 'Grand  Rapids,"  of 
the  St.  Louis  begin  one-half  mile  above  Pine  Island,  and  continue  five 

■ 

or  six  miles.     The  water  then  is  comparatively  quiet  to  the  mouth  of 
the  Cloquet.     Just  below  its  mouth  is  a  large  rapid.     (Mallmann.)    • 
Downward  section  of  the  red  sand  rock  and  shales  at  Fond  dn  Lac* 

1.  (443.)  Red  sand  rock,  quarried  at  Fond  du  Lac.  This  begins 
above  the  level  of  the  railroad  grade  and  extends  do wnwarc^ through  a 
thickness  of  (estimated) 50  ft, 

2.  Dark  red  shale 18  ft. 

3.  Shaly  sand  rock,  less  firm  and  siliceous   than  No.    1, 
(changes  gradually  to  the  next) 12  ft. 

4.  Red  shale,  with  some  sandy  beds 30  ft. 

Ascending  the  river,  here  it  turns  south,  and  as  the  dip  is  to  the  S. 

or  S.  E.  the  saud  rock  No.  1  is  brought  again  into  sight  in  the  banks 

of  the  river  at  the  extremity  of  the  point,  and  in  the  opposite  bank  of 

the  river.     This  is  about  one-half  mile  west  of  the  stat^  line.     No.  4 

again  occupies  the  low  river  bank  (north  bank)  above  the  point,  after 

it  turns  west  again,  for  ten  or  fifteen  rods.     It  has  some  beds  of  light 

color,  a  few   inches   thick,  such  lighter  colored  beds  being  coarser. 

After  a  short  distance  of  no  visible  rock,  the  underlying  beds  appear, 

viz. : 

Ft.     In. 

5.  Fine  conglomerate  light 6 

6.  Red  fissile  shale 8 

Also  sec  Nos.  443  to  449. 
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7.  Light  colored  coarse  sai.drock,  or  fine  conglomerate..  8 

8.  Red  fissile  shale 4  6 

9.  Fine  conglomerate  (light) 5 

10.  Fissile,  red  shale 3 

11.  Fine  conglomerate  (light) 3 

12.  Fissile  shale,    with  green   spots,   some   beds    ripple- 

marked 14 

13.  Fine  conglomerate 8 

14.  Fissile  shale 3 

15.  Fine  conglomerate 2 

16.  Fissile  shale 3 

17.  Fine  conglomerate 4 

18.  Fissile  shale 4 

19.  Fine  conglomerate 1 

20.  Fissileshale 3  6 

21.  Fine  conglomerate 1  6 

22.  Shale  and  shaly  sandrock,  with  layers  of  light  green, 

seen 14 

The  bluff  here  is  about  twenty-two  feet,  (of  exposed  rock)  for  about 
thirty-five  rods,  below  the  creek  that  comes  under  ''Bridge  No.  1,"  and 
for  about  ten  rods  above,  the  opposite  bank  having  no  exposure. 

Ft.     In. 

23.  Light  red  sandstone 3 

24  Fine  red  conglomerate ±          6 

25.  Shaly  sandrock,  red 10 

26.  line  red  conglomerate 3  6 

27.  Red  shale  and  shaly  sandstone;  makes  a  dark  band...  9 

28.  Lighter  colored  sandrock 8 

29.  Green  shale 6 

30.  Red  shale  and  shaly  sandrock 9 

31.  Fine  conglomerate,  with  some  thin  layers  of  shale 4 

32.  Sandrock,  mottled  and  striped  with  cross-sedimenta- 

tion      5 

The  mouth  of  the  creek  coming  under  Bridge  No.  1,  is  on  this  sand- 
rock. 

33.  Fine  conglomerate;  the  middle  of  this  has  pebbles  an 

inch  across,  but  is  finer  above  and  below 7 

34.  Shaly  sandrock,  with  specular  specks,  as  if  micaceous 

or  haematitic.     This  extends   but  few   feet,  and 

pinches  out  into  fine  conglomerate 8 

35.  Fine  conglomerfite 10 
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36.  Fine  shale 4 

37.  Fine  conglomerate 2 

38.  Shale 2 

39.  Fine  conglomerate,  light-colored 6 

40.  Sandstone,  light-colored  and  red,  with  horizontal  bed- 

ding;  pinches  out  in  fine  conglomerate  in  twenty 

feet 1  2 

41.  Fine  red  conglomerate  with  false  bedding,  passing  be- 

low into  a  coarse,  light-colored  sandrock  with  false 

bedding 3  6 

43.     Red,crumbling  conglomerate,  coarser  below,  with  some 

pebbles  of  two  inches 7 

43.  Shale,  with  green  spots  and  some  conglomerate 1  6 

44.  Firmer,  lighter  colored  conglomerate,  inclosing  beds 

of  shaly  sandrock  which  have  cross-sedimentation.     3 

45.  Fine  green  and  red  shale 7 

46.  Coarse  shale 1 

47.  Fine  red  shale.      Of  thib,  but  one  foot  can  be  seen  at 

first;  but  as  No.  44  strikes  across  the  river  form- 
ing a  little  rapid,  and  shows  its  place  of  beginning 
on  the  right  bank,  the  section  is  easily  continued 
on  that  bank.  The  stream  here  runs  nearly  at 
right  angles  to  the  strike,  and  a  bluff  rises  about 
eighteen  feet  on  the  right  bank  consisting  of  Nos. 
41,  42  and  43,  or  beds  like  them.  Large  blocks  of 
No.  44  lie  along  the  river,  in  the  talus  on  the  left 
bank.  In  these  blocks  are  mainly  pebbles  of  white 
quartz;  then  jasperoid  and  colored  quartzytes; 
then  arenaceous  quartzyte  of  a  red  or  pink  color; 
then  pieces  of  a  greenish  slate,  and  rock  like  the 
Thomson  slate  rock.  The  pebbles  are  generally 
under  an  inch  in  size,  and  the  surrounding  mater- 
ial is  also  a  fine  conglomerate 16 

48.  Coarse,  firm,  light-colored  pyritiferous  conglomerate, 

sloping  gradually  into  the  water.  This  includes 
lenticular* spots  of  shaly  sandrock,  and  of  red  con- 
glomerate. For  some  rods  the  upper  surface  of 
this  conglomerate  forms  the  low  shore  and  is 
washed  by  high  water,  dipping  into  the  river  at 
an  angle  of  8  deg.  It  then  stops  abruptly  by  a 
fault,  and  the  shore  is  occupied  by  a  red  and  spot* 
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ted  green  shale  like  47,  of  which  the  dip  is  more  to 
the  south.  Where  the  conglomerate  is  broken  oflFit 
is  highly  pyritiferous,  and  cemented  into  a  com- 
pact rock,  and  at  the  irery  fracture  the  whole  is 
changed  and  vitrified,  making  a  firm  greenish 
quartzyte.  In  the  bluffs  on  the  opposite  shore, 
(i.  e.  on  tl^  right  bank,)  may  be  seen  four  separ- 
ate faults  crossing  the  red  &liale  andsand  stone  beds 
(apparently  41,  42  and  43,)  from  the  top  to  the 
bottom.  This  is  just  opposite  the  point  of  fault- 
ing of  the  conglomerate  on  the  left  bank.  After 
the  abrupt  disappearance  of  this  conglomerate  the 
left  bank  in  ascending  the  stream  is  found  to  be 
occupied  by  alow  exposure  of  layers,  of  green  and 
red  shale  belonging  to  some  higher  portion  of  the 
section,  while  the  right  bank  opposite  is  a  bluff 
with  an  average  exposure  of  ten  feet  of  rock,  con- 
sisting of  red  shale  and  shaly  rock,  with  varying 
dip.  Ail  at  once  the  coarse  conglomerate  rises 
again,  but  not  so  suddenly  as  it  disappeared,  and 
forms  the  shore  to  the  place  where  the  slate  for- 
mation is  found  underlying  it  unconformably. 
Where  the  conglomerate  reappears  it  seems  not  to 
be  faulted,  but  bent  and  somewhat  broken  upward, 
the  shale- beds  above  also  being  somewhat  bent  and 
compressed,  though  maintaining  a  green  color 
where  in  contact  with  the  conglomerate.  The 
change  of  level  is  about  two  feet,  and  it  is  ex- 
pressed on  the  opposite  shore  in  undulations  in  the 
strata.  It  is  about  forty  rods  above  this  point 
that  the  slates  first  appear  under  the  conglomerate, 

estimated 50  ft. 

49.  Coarser  conglomerate,  containing  about  the  same  ma- 
terials as  the  last,  except  the  layers  of  sandrock. 
Dips  S.  E.  or  S.  S.  E.  7-10  deg.  The  white  quartz 
pebbles  are  sometimes  six  or  more  inches  in  diame- 
ter. Some  are  of  gray,  or  even  a  black  jaspery 
quartzyte,  and  some  are  pieces  of  the  underlying 
slate,  showing  the  slate  must  have  hardened  as  slate 
prior  to  the  deposit  of  the  conglomerate.  On  the  oth- 
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erhand  it  is  to  be  noticed  that  a  roughly  alaty  man- 
ner of  disintegration  passes  upward  into  the  con- 
glomerate from  the  slates  where  the  weather  has 
acted  on  the  two  at  that  horizon,  the  pebbles  and 
cement  falling  off  in  slabs  or  lumps  that  are  elon- 
gated in  the  direction  of  the  slatiness  of  the  slates 
and  parallel  with  them,  as  if  the  cause  that  oper- 
ated to  produce  the  slatinesshad  taken  effect  since 
^  _  the  deposition  of  the  conglomerate,  and  had  re- 
sulted m  a  similar  structure  in  the  overlying 
rock.  In  this  conglomerate  are  pebbles  of  gray 
and  black  jaspery  quartzyte  which  much  resemble 
the  great  quartzyte  of  the  boundary  line,  seen  at 
Pigeon  Point,  and  really  can  be  referred  to  that 
formation.  This  seems  to  imply  that  that  forma- 
tion, which,  with  its  jasper  beds  overlies  the  slates, 
should  come  in  between  the  conglomerate  and  the 
slates,  but  for  some  reason  is  wanting  here.  The 
conglomerate  at  Grand  Portage  Bay  may  have  that 
relation.  (V.  No.  254.)  In  some  places  a  layer 
of  green  shale  lies  between  the  conglomerate  and 
the  slates.  It  is  a  foot  thick.  The  coarse  pebbly 
quartzose  conglomerate  has  an  estimated  thick- 
ness of 100  ft. 

The  overlying  finer  conglomerate  is  often  red. 

Total  observed  thickness  of  the  Potsdam  at  Fond 

du  Lac  is  therefore - .  412  ft.  4  in» 

By  making  a  general  trigonometrical  calculation,  with  an  average 
dip  of  6  deg.,  and  a  hypothenuse  one  and  one-half  miles  long,  from 
Chamber*8  quarry  to  about  half  way  between  bridge  No.  1  and  No.  2, 
where  the  conglomerate  begins,  the  thickness  of  the  red  sandrock  and 
shale  is  found  to  be  883  feet.  To  this  must  be  added  the  coarse  con- 
glomerate. 

From  Duluth  to  Silver  Islet  ami  Return, 

511.  Ki  a  point  in  the  bed  of  Miller's  Creek,  just  above  the  high- 
way bridge  near  the  i  section  line  of  32  T.  50,  14,  424  feet  above  Lake 
Superior,  this  sample  was  obtained.  The  rock,  which  is  gabbro 
associated  with  fine  red  syenite,  extends  indefinitely  up  stream. 
It  is  jointed  conspicuously  N.  W.  and  S.  E.  like  a  dyke.     It  is  in  some 
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places  speckled  Hnely  with  red  feldspai%  and  in  others  it  is  crossed  by 
veins  of  red  feldspar,  some  being  an  inch  in  width  and  others  very 
thin,  somewhat  resembling:  the  rock  at  the  old  quarry  of  Maj.  Newson 
at  Duluth.  Below  the  bridge  is  a  rapid  descent  over  rock  of  the  same 
sort,  in  which  the  formation  shows  a  coarse  bedded  structure,  and 
dips  E.  at  an  angle  of  about  25  degrees.  The  left  bank  of  the  creek 
rises  perpendicular  about  23  feet,  and  the  right  slopes  up  gradually 
with  the  dip  of  the  rock.  The  summit  of  the  gap  through  the  hill 
range  is  6o7  feet  above  lake  Superior.  This  is  about  a  mile  beyond 
the  crossing  of  Miller's  creek. 

512.  N.  E.  i  Sec.  25,  T.  50,  15.  Along  the  Herman  town  road  oc- 
casional exposures  are  seen,  rising  above  the  rolling  surface  of  gravel- 
ly red  clay,  of  which  this  is  a  sample.  It  is  a  heavy,  gray  trappean 
rock  with  so  much  magnetite  as  to  disturb  the  needle.  Land  of  Peter 
Benson. 

513.  Rice  Point  gabbro,  from  a  cropping  on  the  N.  W.  i  N.  E.  i 
Sec  27,  T.  50,  15. 

514.  S.  W.  i  Sec.  22,  T.  50,  15,  (near  the  center  of  the  quarter), 
land  of  John  Mallmann.  Here  is  an  unusually  magnetited  bed  of  the 
rock  of  the  country.  It  can  be  traced  along  about  200  feet,  having  a 
width  of  about  20  feet,  as  exposed,  in  low  ground,  bearing  E.  10°  N. 
It  lies  5  rods  to  the  north  of  another  series  of  croppings  of  rock  like 
No.  513.  On  the  opi)osite  side  of  a  little  creek,  north  of  this  number, 
is  also  a  line  of  outcrop  of  rock  like  513.  No.  514  controls  the  needle 
entirely.  It  is  dark,  l)ut  specked  with  porphyritic  crystals  of  labra- 
dorite.  The  center  of  Sec.  30,  T.  50,  14,  is  the  highest  point  ii\  the 
hill-range,  on  the  Herman  town  road,  and  is  747  feet  above  lake 
Superior. 

Reviewing  the  rocks  between  Minnesota  Point  and  Kinichigacpiag 
creek  one  is  compelled  to  the  conclusion  that  they  are  mainly  sedi- 
mentary; f,  e.,  in  the  sense  that  they  were  deposited  in  water  and 
in  that  way  received  their  stratified  arrangement.  They  dip  S.  E. 
They  also  exhibit  some  of  the  characters  of  igneous  rocks,  \iz. :  their 
amygdaloidal  structure,  their  color,  their  hardness,  and  an  occasional 
wrinkled  surface,  that  was  formed  by  the  fluid  condition  of  the  rock 
when  flowing  down  an  incline.  The  last  characteristic  particularly 
seems  to  prove  that  some  of  the  beds  were  molten.  On  the  other  hand 
they  show  nearly  all  the  characters  of  sedementation — parallel  lamin- 
ation, dipping  in  a  constant,  or  nearly  constant,  direction,  cross-strat- 
ification, variation  of  texture  and  color  as  well  as  mineral  composition 
in  the  direction  across  the  bedding.     Whether  they  lie,  stratgiraphic 
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ally,  above  or  below  the  sandrock  at  Fond  dn  Lac  is  solely  a  matter  of 
speculation,  so  far  as  the  evidence  here  has  any  bearin":. 

There  is  a  red  sectile  rock  (Nos.  18,  19  and  30)  that  shows  conspicu- 
ously along  here,  between  Duluth  and  Chester  Creek,  which  may  have 
been  driven  by  semi-fusion,  and  by  igneous  injection  into  the  open- 
ings, &c.,  of  the  lower  part  of  the  igneous  rock  that  forms  Rice  Point, 
and  thejhills  back  of  Duluth.  This  is  on  the  supposition  that  the  Hice 
Point  rock  lies  over  the  Chester  Creek  bed,  and  is  in  keeping  with  the 
fact  that  a  red  feldspathic  rock  occurs  in  patches  in  Duluth,  and  is  in 
seams  in  the  Hice  Point  rock  at  Newson's  quarry.  In  that  case  the  point 
of  outflow  of  igneous  rock  was  further  to  the  northwest,  and  the  lava  ran 
over  the  broken  beds  toward  the  S.  E.  Before  the  full  force  of  the 
igneous  overflow  is  met  in  passing  N.  E.  along  the  coast,  the  sedimen- 
tary beds  occupy  the  coast  except  where,  by  dykes,  or  by  interbedding, 
or  by  local  outflows,  the  trap  rock  is  found  in  its  place.  This  indi- 
cates that  during  the  period  of  deposition  the  igneous  disturbances 
were  going  on,  and  that  the  serai-igneous  nature  of  the  beds  nniy  be 
due  partly  to  the  proximit}^  of  the  igneous  vents  which  would  not  only 
give  an  occasional  flow  of  truly  igneous  rock,  ])ut  would  furnish  a  sedi- 
ment quite  different  from  an  ordinaiy  oceanic  deposit.  Ordinarily  the 
sedimentary  beds  have  a  reddish  color,  but  in  the  neighborhood  of  Ches- 
ter Creek,  and  in  Duluth  some  of  them  are  greenish.  The  trap-rock 
seems  to  take  a  bluish  green  color  along  the  shore.  Occasionally  a 
hardening  of  the  sedimentary'  beds  is  produced  so  as  to  fonn  a  rounded 
point  or  promontory,  or  a  sharp  rocky  point.  Without  such  harden- 
ing the  sedimentary  beds  usually  tnre  less  durable  than  the  trap-rock. 
In  some  cases,  still,  there  is  so  close  a  mingling  of  igneous  and  sedi- 
mentary characters  it  is  wholly  impossible  to  decide,  on  the  spot^ 
whether  a  rock  be  igneous  or  not. 

516.  At  Sucker  river  (V.  No.  89).  A  fine-grained  igneous  rock, 
which  crosses  the  mouth  of  the  river.  But  it  runs  N.  E.  instead  of 
N.  5°  E. 

516.  Forms  the  bed  of  the  stream,  and  appears  like  a  bed  of  lava, 
being  not  jointed  regularly,  but  smooth  and  massive,  with  pot-holes. 
This  disintegrates  into  globules  and  rots  to  a  great  depth  before  fall- 
ing away.  It  is  heavv,  dark  green,  and  almost  black  when  wet.  In 
the  stream  are  man}'  pieces  of  prehnite-amygdaloid  with  a  little  native 
copper.  These  must  have  come  down  the  stream  from  a  belt  which 
runs  from  French  river  southwesterly,  back  of  Crystal  Bay,  and  N. 
E.  to  Sucker  river. 

East  of  Stony  Point,  which  is  tlie  east  point  of  Sucker  bay,  the 
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rock  forming  the  immediate  shore  is  an  overflow  of  heavy  dark  trap 
which  extends  to  Knife  river;  but  within  the  bay  east  of  Knife  river 
are  amygdah)ids  and  purgatories  for  a  mile  and  a  half.  Thin  clay 
hides  the  rock,  except  occasionally,  to  the  west  point  of  Agate  bay 
where  begins  about  the  same  series  of  amygdaloids  and  non-aniygda- 
loids  as  seen  near  Knife  river,  extending  round  the  point  and  along 
the  west  side  of  Agate  bay.  Thus  the  rock  from  Stony  Point  to 
Agate  Bay  is  all  igneous.  There  is  a  similar  alternation  on  the  west 
side  of  Burlington  Bay.     (V.  Nos.  9^102.) 

617.  Fine-grained  trap,  ])edded,  from  the  foot  of  the  high  bluff  at 
the  north  of  Gooseberry  river.     (V.  108.) 

51^.  Trap-rock,  top  of  the  low  bluff  at  the  south  end  of  the  beach 
at  (jooseberry  river,  containing  amygdules  of  chalcedony.  Furnishes 
some  of  the  pebbles,  and  all  of  the  agates  of  the  Gooseberry  beach. 
This  rock  slopes  into  the  water,  and  where  it  is  constantly  under  the 
action  of  the  waves,  and  partly  decayed,  it  is  reddish,  like  the  pebbles, 
but  the  pe]>bles  mostly  come  from  another  bluff. 

519.  Agates,  taken  from  the  rock  at  Gooseberry  river.  At  Goose- 
berry river  is  a  high  beach  (25  ft.)  of  red  gravel,  extending  from  rock 
to  rock  (from  517  to  518),  facing  east,  thrown  up  by  the  counter 
action  of  the  current  of  the  river  against  the  easterly  storms  on  the 
lake,  which  not  only  sweep  the  pel)bles  along  the  beach  toward  the 
west,  but  prevail  with  great  violence  in  the  spring  and  fall  months. 
It  is  300  paces  long.  In  the  red  gravel  of  the  beach  are  numerous 
chalcedonic  agates,  derived  from  the  rock  of  the  place.  The  blufi'  at 
the  north  end  of  the  beach  is  al)out  75  feet  high,  and  at  the  south  end 
it  is  about  10  feet.  In  each  case  the  rock  slopes  E.  S.  E.  down  to  the 
lake,  and  below  the  water.  They  were  once  probably  connected, 
forming  a  continuous  sloi)ing  surface  of  trap-rock.  The  lower  part 
of  the  bluff  at  the  north  end  is  bedded,  and  more  jointed,  but  is  fine, 
grained  and  firm.  It  is  pr()l)ably  igneous,  and  seems  to  contain  con- 
siderable chrysolite.  The  upper  part  contains  chalcedonic  amygdules, 
and  is  trappean.  It  decomposes  in  g!obuliferous  parts,  and  is  spotted 
by  them  before  decay,  the  general  color  being  a  dark  or  bluish  green. 
The  whole  bluff  is  trap  and  75  fe<it  thick.  The  beach  is  red  with  a 
few  blue  pebbles.  The  red  gravel  is  finely  amygdaloidal,  and  cannot 
come  from  the  trap.  The  globuliferous  decay  is  not  noticeable  ill 
rock  at  the  east  of  the  ])lufi*,  near  the  water,  perhaps  because  the 
erosion  wears  it  away  too  fast. 

The  lower  part  of  the  high  bluff  at  Gooseberry  river,  a  short  dis- 
tance east  of  the  river,  is  amygdaloidal  with  laumontite,  and  crum- 


38  TENTH   AXNUAL   REPORT 

bles  out  faster  tliaii  the  overlying  trap,  causing  the  fall  of  large  blocks 
from  the  toj)  of  the  bluff. 

The  beds  517  and  518  occupy  the  coast  exclusively  (except  one  or 
two  aniygdaloidal  beds,)  with  short  intervals  of  red  pebbly  beach,  to 
about  one  mile  from  Splitrock  river,  when  a  bluff  rises  from  the  water 
in  a  ba^'  (No  110)  and  continues  eiistwardly.  This  l)luff  is  the  source 
of  the  red  pebbles  at  Gooseberry  beach.  It  is  finely  porphyritic  with 
red  feldspar,  and  seems  also  to  have  fine  grains  of  calcite  and  quartz, 
as  well  as  a  few  green  amygdules.  These,  weathering  out,  produce  a 
pitted  water- worn  exterior.  The  rock  does  not  crumble,  but  goes  to 
pieces  in  a  multitude  of  small  fragments  which  strew  the  beach  and 
make  the  gravel.  It  greatly  resembles  the  rock  at  Crystal  bay  (No. 
78)  and  also  the  Palisade  rock  (Nos.  138  and  139),  but  is  less  firm  than 
the  latter.  Its  disintegration  in  angular  bits  in  the  bluff,  by  frequent 
divisional  planes  (not  properly  a  jointage)  is  exactly  like  the  Crystal 
Bay  rock,  but  here  it  contains  no  large  geodes  of  calcite,  as  there. 
It  has  the  appearance  somewhat  of  underlying  the  trap  of  Gooseberry 
river,  but  it  actually  overlies  it. 

520.     Sample  of  the  above  rock,  one  mile  west  of  Splitrock  river. 

520.  A. — Sample  of  ca^cite-laumontite,  from  a  vein  in  No.  520. 
The  westerlv  end  of  this   bluff  seems   to  show  that  it  rises  from 

under  the  rocks  517  and  518  with  a  strong  dip  toward  the  W.  S.  W. 
perhaps  40  degrees,  but  this  westerly  dip  is  not  due  to  sedimentation 
tilted  in  that  direction,  but  to  a  transverse  jointage.  It  is  so  intimate- 
ly jointed  and  angular  that  the  original  bedding,  by  which  a  deviation 
of  dip  is  to  be  ascertained,  is  nearly  obliterated. 

521.  Is  an  irregular  thrust-up  rock,  appearing  in  the  beach  near 
the  west  end  of  520.  Its  bedding  is  distorted.  It  almost  appears  con- 
glomeritic,  but  the  lumps  and  nodules  that  appear  in  it  are  due  rather 
to  crystalline  aggregations,  imperfectly  formed.  Some  of  its  firm 
parts  appear  like  the  metamorphosed  greenish  quartzyte  seen  under  the 
conglomerate  near  bridge  No.  5  al)ove  Fond  du  Lac  (V.  after  No.  510, 
in  the  Section  of  the  Red  Sandrock  at  Fowl  du  Lac  (Sub.-No.  48).  But 
in  the  midst  of  this  green  are  thin  red  (vitreous?)  laminations  that 
resemble  m  form,  but  not  in  color,  the  translucent  streamed(  ?)  inter- 
laminations  seen  in  No.  140.  It  is  essentially  a  part  of  No.  520,  but 
modified  by  some  closely  contiguous  igneous  agent.     (V.  816). 

Toward  the  east  the  bluff  (520)  shows  horizontal  bedding  one,  two 

and  three  inches  thick,  and  the  red  rock  passes  inland  among  cedars, 

balsams  and   pines.     At  nearly   the  same  point   a   lower   trap-rock 

appears  in  the  beach,  being  the  same  as  that  forming  the  little  island 
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opposite  the  bluff,  520,  since  it  can  be  traced  connectedly  from  the  lit- 
tle island — by  the  shallow  water — directly  to  the  the  foot  of  the  red  bluff. 
This  lower  trap  holds  a  gray  amygdaloid  about  8  feet  thick,  and  its 
lower  beds  run  in  the  gravel  beach,  nearly  to  the  Splitrock  river,  the 
chief  exposure  being  just  at  the  point,  and  15  feet  high  (V.  Nos.  IH  A 
&  111  B).  The  red  pebbles  at  once  disappear,  except  that  a  few,  mixed 
with  the  gray,  are  seen  even  at  the  mouth  of  the  Splitrock,  brought 
down  the  river  and  distributed  westwardly.  Where  this  lower  traj) 
appears  in  the  little  island  it  is  agatiferous,  at  least  has  concretionary 
masses  of  quartz  a  foot  or  more  in  diameter,  as  well  as  other  dark 
masses,  384  ft.  in  diameter.  The  geodic  quartz  cavities  have  few  ame* 
thystine  crystals.  In  this  respect  this  trap  bed  seems  to  resemble  the  trap 
at  the  top  of  the  bluffs  at  Gooseberry,  instead  of  being  another  layer. 
In  some  places  this  is  finely  amygdaloidal,  on  the  island,  but  generally 
heavy,  compact,  angular,  and  dark  colored.  These  parts  are  irregu- 
larly mixed,  and  sometimes  surround  each  other,  as  if  in  concretions, 
or  as  if  one  had  been  mixed  in  the  other  as  a  matrix. 

Splitrock  Point  exhibits  a  novel  and  interesting  geologj'.  While 
the  large  feldspar  mass  seems  to  be  in  place,  and  to  have  furnished 
the  smaller  pieces  embraced  in  basaltic  trap  toward  the  S.  E.  and  E. 
it  is  highly  probable  that  it  is  itself  a  transported  mass.  The 
oblique  basaltiform  structure  of  the  trap  shows  it  was  molten  and  the 
feldspar  was  not.  The  feldspar  is  not  basaltic,  only  coarselj'  jointed. 
This  feldspar  rock  has  a  close  resemblance  to  the  Rice  Point 
granite.  It  seems  also  to  be  older  than  the  sandstone  and  conglomer- 
ate beds  along  here,  and  not  to  pass  into  the  trap  layers  that  are  so 
conspicuous  along  the  shore.  There  is  a  constant  dip  toward  the  S.  W. 
in  passing  along  here,  and  finally  the  feldspar  rock  seems  to  come  to 
view  as  if  lower  than  all.  There  is  trap  near  the  water,  at  the 
base  on  the  east  side.  This  continues,  and  shows  oblique  basaltic 
structure  which  slopes  N.  E.  and  a  bedding  that  dips  S.  W.  (V.  112 
and  113.) 

Immediately  across  a  little  bay  east  of  Splitrock  Point,  and  on  the 
north  side  of  the  bay,  at  the  foot  of  a  high  bluff  (175  ft.)  of  Feldspar 
rock  which  stands  a  little  inland,  is  an  exposure  of  a  dark-red,  frequent- 
ly jointed,  rock.  It  is  somewhat  amygdaloidal,  and  especially  near 
the  top  of  the  bluff,  and  seems  to  be  a  slightly  altered  condition  of 
No.  520.  It  shows  only  a  short  distance  (6  rods)  and  dips  N.  N.  E. 
about  30°.  It  is  darker  red  than  No.  520  on  fresh  fracture,  but  the 
joints  that  give  color  to  the  bluff  are  lined  with  lighter  red.  It  is 
probably  also  one  of  the  shale  beds  of  the  formation,  if  not  the  lowest. 
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It  is  cut  square  off,  and  is  immediately  replaced  by  the  obliquely  bas- 
altic trap  (No.  524)  which  embraces  masses  of  feldspar  rock.  Here  the 
trap  rises  50-75  feet  above  the  talus  of  fallen  pieces  as  the  bluff 
extends  east. 

522.  From  the  foregoing  reddish-brown  rock  near  its  point  of  con- 
tact with  the  basaltic  trap,  near  the  top  of  the  bluff,  in  the  bay  first 
north  of  Splitrock  point.  It  here  becomes  darker,  denser  and  firmer, 
and  also  amygdaloidal,  bringing  it  to  the  characters  of  the  rock  that 
forms  Two  Harbors,  the  next  point  east.  This  seems  to  be  another 
condition  of  520,  or  beds  like  No.  520.  In  thin-sections  it  seems  to  be 
identical  with  the  Two  Harbor  rock. 

523.  From  the  base  of  the  same  bluff.  Similar  rock,  but  more  red. 
The  Two  Harbor  rock  is  No.  117. 

Just  beyond  Two  Harbor  Bay,  (east)  the  relative  superposition  of 
Nos.  522  and  523,  and  their  relation  to  the  Two  Harbor  rock  as  well 
as  to  the  Feldspar  rock,  can' be  seen.  A  feldspar  bluff  rises  peqjen- 
dicularly  from  the  water  about  125  feet.  On  the  west  of  this  bluff 
and  in  immediate  contact  with  it,  rises  a  basaltic  trap  bluff  which  is 
composed  of  the  rocks. 

524.  Is  a  basaltic  dark  trap,  75  feet  thick — underlain  by  522,  523  and 
the  Two  Harbor  rock,  in  the  order  named — the  Two  Harbor  rock  rising 
but  little  above  the  water.     (V.  No.  112). 

Numbers  522  and  523  here  show  a  sedimentary'  structure  very 
evident,  but  it  is  in  patches,  and  alternates  irregularly  with  patches  of 
laumontitic  amygdaloid. 

525.  Sometimes  a  sandy  sedimentary  rock  is  in  immediate  contact 
with  and  surrounds  patches  of  the  amygdaloid.  In  the  sandrock, 
which  is  of  a  light  color,  blotched  with  red,  are  impressions  of  fucoids, 
(V.  No.  817). 

On  the  east  of  this  high  Feldspar  point  there  is  a  huge  pudding 
stone  of  trap  and  feldspar  for  a  short  distance,  and  then  under  it  a 
short  exposure  of  No.  520  just  as  the  bay  begins.  This  last  rises 
and  runs  inland,  and  the  Two  Harbor  rock  makes  the  immediate  shore 
through  the  bay  to  the  third  high  point,  which  is  composed  of  a  sud- 
den upheaval  of  both  the  520  and  the  Two  Harbor  rocks,  the  latter 
being  basaltic  and  making  the  high  point.     (V.  119). 

526.  The  knob  of  rock  at  the  west  side  of  Beaver  Bay  is  of  a  crys- 
talline  red  rock,  feldspathic  and  firm.  The  green  trap  embracing  the 
feldspar  masses  abuts  suddenly  upon  it,  from  the  west,  and  so  ceases. 
This  probably  is  the  same  rock  as  119,  and  520. 

527.  Sample  showing  the  union  and  welding  of  the  feldspar  mas 
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at  Beaver  Bay.with  coarse  trai>  inclosing  it.     It  is  not  thus  welded 
generally,  so  far  as  visible,  but  is  loosened  fron  the  trap. 

528.  Slaty,  gray  quartzyte,  at  the  mouth  of  Beaver  Bay  creek. 
These  samples  are  from  the  rock  at  the  very  mouth  of  the  creek.  It 
also  runs  back  from  the  creek  toward  the  west.  Its  abrupt  and  isolated 
outcrops  will  not  permit  any  satisfactory  identification  of  its  horizon 
or  its  place  in  the  shore  series.     (V.  127  and  after  816). 

529.  (No.  1  to  No.  6).  Series  of  changes  from  trap  rock  to  soil, 
Beaver  Bav : 

(1).  Unchanged  traprock,  heavy  and  coarsely  crystalline. 
(2).  Iron-shot  and  jointed  trap-rock. 
(3).  Showing  incipient  decay. 
(4).  Crumbled  trap-rock. 
(5).  (Jravelly,  earthy  soil. 
(6).  Loam,  soil  and  turf. 
These  are  produced  by  the  rotting  of  the  trap-rock  of  the  country, 
on  the  promontory  where  no  other  ingredient  contributes  to  the  soil^ 

530.  Finer,  dark  trap,  of  the  same  general  character  as  that  which 
covers  the  country,  but  finer  grained,  magnetited,  and  perpendicularly 
basaltic,  having  a  coarser  graln'.fti  a  dyke-like  belt  (2^  feet  wide)  run- 
ning  E.  and  W.  This  rock  contains  patches  of  red  rock  like  No.  526 
and  within  two  rods,  after  a  short  interval  not  exposed,  the  rock  No. 
526  is  seen  in  full  force  forming  a  bush-covered  l>ank.  The  patches 
are  as  fragments  or  boulders,  generally,  but  some  patches  do  not  ap- 
pear like  transported  masses,  but  like  dykes  and  veins.  This  is  from 
the  bay  one-half  mile  west  of  the  knob  which  is  represented  by  526. 

531.  Sample  of  the  above  narrow  dyke -like  belt,  which  is  similar 
to  No.  529,  but  seems  to  contain  free  quartz.  The  general  dip  of  the 
rock  528  is  to  the  east,  as  seen  in  passing  inland,  and  along  the  road 
to  town,  so  as  to  throw  it,  if  continued,  under  the  rock  of  the  i)romon  - 
tory. 

532.  Reddish,  and  sometimes  greenish,  trap-like  rock,  surrounding, 
or  embracing  pieces  of  the  feldspar  at  Beaver  Bay.  This  rock  is 
similar  to  rock  No.  526,  at  least  in  some  of  its  parts.  The  feldspar 
masses  have  the  appearance  of  having  been  carried  in  this  rock,  or  to 
have  been  in  sifu  when  it  was  deposited  as  a  sedimentary  rock,  and 
subsequently  to  have  suffered  the  metamorphosing  forces  with  it.  (V. 
No.  816.) 

533.  Rock  of  the  great  palisades.     (V.  139.) 

At  the  point  that  encloses  the  beach  of  gravel  at  Little  Marais,  a 
red  pebbly  conglomerate  is  seen  running  undel:  the  basaltic  trap  (No. 
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160)  that  makes  the  point,  but  separated  from  it  by  about  two  feet  of 
amygdaloid  that  bears  white  thomsonites.  This  conglomerate  must  be 
that  seen  a  short  distance  below  Baptism  river  (155).  The  Sawthuth 
Hills,  a  spur  of  which  runs  out  at  Baptism  Pt.,  run  here  still  further 
back  from  shore,  so  as  to  bring  the  lower  beds  of  any  rock  involved 
in  them,  at  the  shore  along  Little  Marais.  This  conglomerate  is  also 
probably  the  real  rock  underlying  the  long  stony  beach  extending  for 
a  mile  or  more  above  the  point  that  is  on  the  west  of  Little  Marais. 

East  of  Little  Marais,  for  a  couple  of  miles,  the  coast  is  formed  by 
the  Little  Marais  trap,  sloping  rather  steeply  into  the  water.  The 
underlying  amygdaloid  is  exposed  also.  The  conglomerate  is  some- 
times converted  into  an  amygdaloid,  and  its  true  original  character  is 
hardly  discernable.  There  are,  however,  red  blotches  that  indicate 
the  original  pebbly  character  of  the  whole. 

These  three  parts : — 

1.  Basltic  trap-rock. 

2.  Reddish  amygdaloid. 

3.  Reddish  conslow^rate. 

make  a  jagged  coast,  with  sharp  pomts  and  little  bays,  almost  continu- 
ously rocky,  to  about  a  mile  and  a  half  or  two  miles  east  of  Manitou 
river.  They  sometimes  rise  40  feet  perpendicularly  from  the  water. 
There  is  a  little  harbor  from  S.  W.  winds  about  one  mile  east  of  Man- 
itou river.  There  seems  to  have  been  one  grand  igneous  overflow  here, 
just  after  the  conglomerate,  which  is  about  70  feet  thick.  The  eon- 
glomerate  itself  is  amygdaloidal,  and  the  whole  is  red.  The  pebbles 
also  are  Jimygdaloidal,  and  generally  less  than  an  inch  in  diameter,  but 
some  are  8  or  9  inches  across.  The  amygdules  are  calcite,  laumontite, 
and  white  thomsonite.  Sometimes  beds  of  conglomerate  and  amygdal- 
oid not  conglomeratic  alternate  two  or  three  times,  and  sometimes 
they  blend  or  cross  each  other,  showing  no  widespread  variation  in  the 
nature  of  the  conditions  under  which  the  whole  was  deposited,  but 
rather  indicating  that  at  other  points  the  whole  would  be  found  to 
be  a  conglomerate. 

534.  Samples  of  red  amygdaloidal  conglomerate  from  1  mile  east 
of  Manitou  river.  The  same  is  seen  at  the  mouth  of  Manitou  river. 
At  this  point  the  strike  of  the  trap  passes  some  distance  inland,  form- 
ing a  spur  of  hills  that  rise  several  hundred  feet  back  of  Pork  Bay, 
with  low  tillable  land  along  the  shore. 

535.  (V.  No.  193). 

Thomsonite  amygdaloid,  from  Terrace  point,  near  Good  Harbor 
Bay. 
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535.  A. — Thomsoiiitcs,  picked  from  the  rock  at  Terrace  Point. 
585.  B. — Thomsonites,  &c.,  gathered  from  the  beach  at  Terrace  Pt. 
These  pink  thomsonites  seem  to  have  some  of  the  characters   of 

edingtonites,  as  in  a  weak  H.  ('l.   solution  they  give   a    precipitate 
with  sulphuric  acid,  which  must  be  suljdiate  of  baryt»*i. 

536.  Samples  of  the  basalt  rock,  at  Grrand  Marais,  manv  of  the 
small  ]>ieces  being  sections  of  the  smaller  basaltic  columns. 

537.  Bedded  trap,  from  the  west  side  of  the  point  on  S.  W.  i  Sec. 
10,  T.  61,  2,  E.     Similar  to  the  trap  at  Grand  Marais.     (V.  211.) 

538.  lied  rock,  similar  to  the  rock  of  the  Great  Palisades.  This  is 
the  first  rock  east  of  Cow's  Tongue  Pt.  in  the  baj*.     (V.  212.) 

The  rock  of  Fish  Hook  Point  (No.  213)  lies  as  an  overflow,  and  is 
visible  under  the  water  toward  the  west  for  some  distance,  cut  also 
by  dykes,  some  of  which  appear  on  the  shore. 

539.  Brown  trap,  with  chlorite  amygdules;  similar  to,  if  not  the 
same  as  the  Fish  Hook  Pt.  rock,  from  a  short  distance  west  of  the 
mouth  of  the  Brule  river,  near  the  river.  ( Y.  220.)  There  is  no  rock 
nt  the  mouth  of  the  Brul^,  but  a  remarkable  high  beach,  which  shuts 
in  a  lagoon  on  the  hindward  side.  The  pebbles  composing  it  are  of 
mixed  character,  some  are  red,  from  the  red  rock  of  the  country  (538), 
and  some  are  blue  or  green,  from  the  fine  basalt  or  dykes,  with  amyg- 
daloid and  porphyr}"  pebbles. 

540.  Coarse  doleritic  trap;  a  mile  and  a  half  east  of  the  Brul4  river. 
This  rock  sets  in  immediately  east  of  the  Brul6  (No.  221),  and  forms 
the  coast  nearly  ccmtinuously.  At  the  point  where  this  sample  is  got 
there  is  a  little  eastward  facing  bay,  and  a  gravelly  beach,  but  the 
same  kind  of  rock  is  found  on  the  east  of  the  bay.  This  rock  is  light 
^ay  under  the  friction  of  the  beach-gravel,  but  is  black  with  rough 
lichens  when  washed  only  by  the  water.  This  rock  seems  to  lie  under 
the  red  rock  which  disappeared  under  the  lake  on  the  west  of  the 
Brul^.  It  continues  to  Horseshoe  bay,  on  the  west  side  of  which  is  a 
basaltic  bluff  like  that  on  the  west  side  of  Sickle  bay.  In  the  interval 
between  these  two  bays  the  rock  is  occasionally  interrupted  by  short 
re-entrant  bends  in  the  coast,  where  st(my  beaches  largely  made  of 
the  trap  of  the  countr}-  are  found,  but  the  most  of  the  distance  is 
rcxjky  and  generally  less  than  ten  feet  in  height.  The  bluff  on  the 
west  side  of  Horseshoe  bay  is  60  or  more  feet  high  (V.  No.  228). 

There  is  a  high  range  of  hills  that  run  across  the  head  of  Double 
bay,  rising  apparently  from  the  coast  in  spurs,  one  from  the  west  side 
of  Sickle  bay,  and  one  from  the  west  side  of  Horseshoe  bay.  This 
range  is  short,  as  it  can  be  seen  for  only  three  or  four  miles.     The  to\} 
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is  of  the  rock  No.  540,  which  probably  lies  under  the  red  rock  aud 
over  the  Grand  Portage  slates  and  quart zyte.  It  seems  to  be  the  same 
as  the  basaltic  rock  that  caps  the  hills  of  slate  and  quartzyte  along  the 
international  boundary.  The  beach  at  Cannonball  bay  is  of  rounded 
stones  of  all  sorts,  but  a  little  sandy  patch  is  covered  with  iron  sand, 
derived  from  No.  540  inland.  The  rock  540  is  seen  to  run  below  the 
E.  Palisade*,  or  the  '*red  rock,'*  so-called,  judging  by  the  general 
topography  and  the  prevailing  trend  of  all  the  beds.  As  the  trend  of 
540  passes  inland,  a  range  of  hills  rises  several  hundred  feet,  extending 
N.  E.,  the  "red  rock''  occupying  the  low  land  between  them  and  the 
lake,  cut  by  heavy  dykes  of  basaltic  green  trap.  The  Eastern  Palis- 
ades have  a  short  exposure  just  west  of  the  mouth  of  Red  Rock  creek, 
rising  gradually  up  from  the  water  to  about  25  feet,  and  then  breaking 
otf  square  and  suddenly  on  the  land  side.  They  extend  perhaps  150  feet 
along  the  coast  in  this  manner,  but  are  wider  in  a  low  exposure  half 
covered  with  beach  pebbles  toward  the  west,  at  least  50  feet.  The  dip 
here  is  toward  the  southeast,  but  at  Red  Point,  about  a  mile  and  a  half 
further  east,  it  dips  S.  W.,  at  an  angle  of  25°  or  BO"*,  showing  the 
underlying  trap  again  on  the  east  side.  Between  the  Palisade  rock 
and  rock  540  seems  to  be  a  firmer  trap  rock,  or  rock  resembling  the 
Two  Harbor  rock,  which  appears  in  the  bay  east  of  Red  Point,  where 
it  is  cut  by  dykes. 

The  high  range  of  hills  that  culminate  in  Mt.  Josephine  are  made  up 
largely  of  the  rock  No.  540. 

At  Grand  Portage  Island  is  a  section  of  the  rocks  just  lower  than 
.the  **red  rock,"  which  here  seem  to  have  been  preserved  and  thickened, 
as  well  as  hardened,  by  local  inflows  of  trap.  The  island  itself  is  elon- 
gated east  and  west,  but  not  much.  It  is  rudely  elliptical  in  horizontal 
form.  Its  highest  parts  are  at  the  eastern  end,  where  the  bluflFs,  that 
face  north  are  about  100  feet  high.  There  is  a  gravel  spit  that  is 
formed  by  the  joint  and  opposite  action  of  waves  from  the  east  and 
west  as  they  whip  round  the  sides  of  the  island,  jutting  northwest 
from  near  the  middle  of  the  north  shore,  and  from  it  a  shoal  ex- 
tends still  further  in  the  same  direction.  The  beach  shows  foreign 
drift-boulders,  as  well  as  many  varieties  of  rock  from  the  island  itself, 
among  the  former  being  various  porphyries  and.  granites.  The  only 
piece  of  **Winnepeg  limestone"  found  on  the  **north  shore"  was  found 
on  the  northwest  side  of  this  island,  though  a  fossiliferous  piece  of 
chert  was  picked  up  at  Good  Harbor  Bay.  There  are  also  pieces  of 
dark,  hornblendic  rock,  and  of  micaceous  schist  that  do  not  occur  in 
the  rocks  forming   the  island,    as   well  as   a  good  many  fragments 


STATE  GEOLOGIST.  45 

of  the  "red  rock."  These  last  are  so  angular,  and  also  so  frail,  that 
they  seem  not  to  have  been  far  transported.  They  are  perhaps  from 
below  the  water  of  the  lake  south  of  the  island,  and  are  thrown  up 
and  brought  ashore  by  ice  and  waves.  Some  of  the  **red  rock*'  is 
rather  sandy,  and  spotted  with  light  brown  spots,  like  the  shale  and 
8androck  of  the  St.  Louis  river,  the  spots  being  pink  in  the  dark  red. 
Some  of  the  fragments  are  confused  in  structure  as  if  crumpled,  and 
are  amygdaloidal;  and  some  are  harder  and  porphyritic,  resembling 
the  typical  Palisade  rock.  The  main  l)eds  of  the  island  dip  to  the  S. 
S.  E.  at  a  varying  angle,  and  have  an  exposed  aggregate  thickness  of 
134  feet,  viz : 

541.  At  the  N.  E.  corner  of  the  island  a  dvke  10  feet  wide  cuts 
the  quartzyte  and  conglomerate,  running  E.  10°  N.  by  needle,  without 
displacement  of  the  bedding.  It  is  a  very  fine-grained  black,  or  blue- 
black  rock. 

542.  A  layer  of  trap  like  No.  540,  which  on  the  east  shore  is 
basaltic,  rising  about  12  feet.  This  is  stratigraphically  the  highest 
rock  in  the  island 14  ft. 

543.  A  chalcedonic  amygdaloid,  though  the  chalcedony 
and  calcite  amygdules  appear  specially  at  the  south 
east  end  of  the  island,  may  be 20  ft. 

644.  A  curious,  dark,  heavy,  globuliferous  trap-rock,  dis- 
integrating readily,  the  hard  globules,  which  are 
of  stony  structure  (not  minerals)  and  nearly 
black,  rolling  out  like  shot,  or  bullets,  and  cover- 
ing the  ground  after  the  rest  of  the  rock  has  rotted 
to  a  greenish  soil.  The  rock  itself  is  chloritic  and 
dark  green.  This  is  in  a  belt  crossing  the  island 
east  and  west,  appearing  some  like  a  dyke,  but  is 
in  reality  probably  an  overflow  like  the  next  un- 
derlying. Indeed  it  seems  to  pass  into  the  next, 
in  some  places,  showing  it  is  only  a  local  phase  of 
I  a  larger  bed.  It  is  the  last  to  run  under  the  wa- 
ter at  the  west  end  of  the  island,  and  at  the  east 
end  it  is  the  topmost  rock  in  the  bluft\  Its  thick- 
ness mav  be 20  ft. 

545.  A  bed  of  fibrous  green  trap,  passing  through  the 
center  of  the  island  and  forming  its  highest  parts, 
and  also  producing  a  long  sloping  beach  on  the  S. 
E.  side  running  under  the  chalcedonic  amygdal- 
oid.    In  the  center  of  the  island  it  appears  like 
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a  burnt  scoria  or  slag,  due  perhaps  to  the  effect  of 
Nos.  543  and  542,  though  these  have  been  re- 
moved in  the  central  part  of  the  island  appearing 
now  only  along  the  south  and  southwest  shores   .   35  ft. 

546.  Sandrock,  even-grained,  rather  fine,  light  colored, 

but  of  a  pinkish  and  purplish  cast,  firm  and  com- 
pact in  regular  beds  of  10  to  18  inches  thick 8  ft. 

547.  Another  bed  of  trap,  like  the  dyke  No.  541.     This  is 

sometimes  brecciated,  or  finely  and  irregularly 
jointed,  with  white  nodules  of  saccharoidal  cal- 

cite 36  ft, 

547A. — Nodules  of  saccharoidal  calcite  from  547. 

548.  Quartzyte,  sometimes  with  mica  sixjcks  between  the 

beds,  of  a  dark  color,  generally  striped  with  red 
and  brown,  some  of  the  beds  being  brown-red, 
with  thin  laminations,  and  some  show  ripple- 
marks ^ 5  ft. 

549.  A  breccia,  or  conglomerate-breccia,  the  cementing 

rock  being  a  quartzyte  like  No.  548,  or  arenaceous 

like  a  grit 16  ft. 

550.  Near  the  dyke  (No.  541)  is  another  which  cuts  the 

beds,  running  E.  10°  N.  This  is  a  little  south  of 
No.  541,  and  is  34  feet  wide  sloping  a  little  to  the 
north. 

551.  Another  dyke  crosses  the  S.  E.  corner  of  the  island 

in  direction  N.  N.  E.  by  E.  and  is  of  a  coarse 
doleryte.  It  is  probably  due  to  these  dykes  that 
the  island  exists,  as  by  their  intersection  their  ef- 
fect has  been  to  harden  the  beds,  and  to  present 
toward  the  east  the  apex  of  a  triangle  to  ward 
off  the  waves  of  the  severest  storms. 

There  must  be,  besides  the  foregoing,  also  the  following 
nearly  associated  with  them — although  they  do  not 
appear  any  where  in  the  bluff  soft  he  island — since 
they  are  seen  in  fragments  on  the  beach. 

(a).  A  true  pebbly  conglomerate,  or  coarse  grit,  nearly 
white  or  of  a  light  color. 

(b).     A  true  conglomerate  like  (a),  but  containing  pebbles, ' 
at  least  crystals,  of  red  feldspar. 

(c).  A  conglomerate  with  few  pebbles,  but  a  green  alum- 
inous, or  chloritic  cementing  material. 
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The  true  place  of  these  cannot  be  ascertained,  but  (a)  is 
probably  near  the  bottom  of  No.  546,  as  well  as 
^b),  and  (c)  resembles  the  shale  and  sandrock  cut 
by  dykes  in  the  bay  east  of  Red  Point,  (Nos.  232 
and  235),  which  must  be  just  under  the  **red 
rock,*'  and  so  probably  belongs  near  the  top  of,  if 
not  wholly  over,  the  foregoing  section.  Indeed  it 
must  come,  in  that  ctise.  from  the  lake,  below  the 
water. 

A  generalized  section  of  the  alternating  beds  of  the  form- 
ation as  they  occur  along  here  would  be  as  follows 
in  descending  order : 

1.  The  Palisade  rock,  or  the  **red  rock." 

2.  Green  shales,  &c.,  in  the  bay  east  of  Red  Point,  (Nos. 

232,  235,  238  and  239). 

3.  Layer  of  trap  like  540  (No.  542) 14  ft. 

4.  Chalcedonic  amygdaloid  (No.  543) 20  ft. 

6.     Fibrous,  green  trap  striking  E.  and  W.  through  the 

island  and  forming  its  highest  parts.  In  spots  it 
is  globuliferous  with  hard,  dark,  strong,  shot-like 
pellets  about  J  in.  in  diameter,  (Nos.  544  and 
545), '-.....  35  ft. 

6.  Even  grained  sandrock  (546) 8  ft. 

7.  Trap  bed,  finely  and  irregularly  jointed,  with  nodules 

of  white  saccharoidal  calcite  (No.  547) 36  ft. 

8.  Quartzyte  (No.  548) 5  ft. 

9.  Conglomerate  (No.  549) 16  ft. 

10.  The  rock  No.  540,  forming  the  great  trap  covering  of 

the  quartzyte  hills  at  Grand  Portage,  50  ft 250  ft. 

11.  The  slate  and  quartzyte  terraces  seen  in  the  hills  at 

Grand  Portage,  generally  and  along  the  interna- 
tional boundary  as  far  west  as  the  west  end  of 
Gunflint  lake(estimated) 400  ft. 

12.  The  jasper  and  iron  ore  beds  of  the  Misabi,  and  south- 

east of  Vermilion  lake. 

18.  The  micaceous  and  chloritic  schists  and  slates  of  Ver- 
milion lake  and  the  Dalles  of  the  St.  Louis  river. 

14.  The  mica  schists,  granites  and  syenites  of  the  region 
north  of  Gunflint  lake,  (V.  after  No.  753). 

This  takes  no  account  of  the  great  labradorite  range,  which  in  some 
places  forms  the  Mesabi,  nor  of  the  iron  ore  deposits  of  Mayhew  Lake, 
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because  they  are  apparently  included  in  the  rock  Nos.  258  and  540,  or 
in  an  immense  outflow  of  molten  matter  at  a  date  somewhat  earlier. 
(V.  Nos.  695  and  816.)  Nor  does  it  mention  the  conglomerate  of  Og- 
ishkie  Muncie  lake,  because  that  is  apparently  an  incident  of  the  slaty 
and  talcose  beds  included  in  Sub.  No.  13,  nor  the  red  granites  of  the 
region  of  Brule  Mt.  because  they  are  probably  a  modified  condition  of 
the  Palisade  rock. 

Jf ine  dykes  are  seen  crossing  Hat  Point  on  the  west  side  of  Waus- 
waugoning  bay,  cutting  the  slates  and  quartzytes  near  the  water, 
running  a  little  northeasterly  varying  from  3  feet  to  70  feet  wide.  A 
heavy  dyke  of  basalt  runs  along  the  head  of  the  bay  terminating  the 
bay  in  that  direction.  It  cuts  the  slates,  hardening  and  solidifying 
them  so  that  their  walls,  broken  and  oblique,  sometimes  stand  alone, 
appearing  like  other  dykes.  It  runs  on  into  the  **Cypress  Swamp,"  of 
Norwood,  and  appears  to  be  the  same  that  forms  little  islands  in  the 
south  arm  of  Pigeon  Bay. 

552.  Plumbaginous  quartzyte.  Pigeon  Pt.,  near  the  trail  to  Parker- 
ville.     Sec.  32,  T.  64,  7.     (V.  No.  270.) 

553.  Quartzyte,  near  the  portage  trail,  at  the  north  shore. 

The  Grand  Portage  range  of  hills  laps  over  another  as  it  approaches 
Parkerville,  and  also  gradually  dies  out,  the  Pigeon  river  coming 
through  the  low  spot  in  the  valley  between  them.  The  other  range 
runs  along  the  north  side  of  Pigeon  Bay,  in  Canada,  turning  a  lit- 
tle nortlfwest  as  it  approaches  Parkerville. 

554.  The  **Two  Harbor  Rock,"  (  ?)  from  the  east  end  of  the  island 
most  easterly,  separating  Washington  Harbor  from  Grace  Harbor,  on 
Isle  Royale.  This  is  more  coarsely  jointed  than  the  Rock  at  Two  Har- 
bor, and  has  somewhat  the  appearance  of  an  imperfectly  basaltic  dyke, 
hut  as  it  develops  a  few  rods  further  north  it  appears  as  an  overflow, 
t  least  it  lies  on  other  trap  and  amygdaloid.  It  forms  a  little  boat- 
harbor  where  fishing  shanties  are  erected.  It  is  at  least  a  fine-grained 
brown,  trappean  rock,  and  in  this  section  seems  to  hold  no  free  quartz. 

The  south  side  of  Grace  harbor  is  of  pebbles  and  stones,  the  pebbles 
derived  from  a  red  conglomerate  that  occasionally  is  seen  in  the  beach, 
but  which  in  the  S.  W.  corner  of  Isle  Royale  is  finely  exposed.  This 
red  conglomerate  is  coarse,  some  of  the  stones  being  over  a  foot  across, 
and  dips  for  a  long  distance  gently  toward  the  south  and  southeast. 
On  approaching  the  point  in  the  coast  nearly  south  of  Siskiwit  bay» 
the  dip  increases,  and  still  more  toward  the  entrance  to  Siskiwit  bay. 
Above  the  conglomerate  appears  a  red  sand-rock,  nearly  a  red  quartz- 
yte, resembling  rock  No.  548  of  Grand  Portage  Island.     This  has  regu- 
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llur  bedding,  cut  into  cuboidal  or  rhomboidal  blocks  bj'  divisional 
ripple-marked  with  some  softer,  slialy  or  haematitic  laminae,  and  with 
haematitic  lumps  of  shale  more  or  less  inclosed  in  the  mass  of  the  beds 
themselves.  Some  of  these  beds  are  about  30  inches  in  thickness,  and 
some  are  less  than  an  inch.  These  beds  are  firm  and  durable,  blacken- 
ing under  the  waves  like  a  trap,  to  which  at  a  distance  they  have  some 
resemblance.  Its  dip,  color  and  bedding  recall  the  red  quartzyte  in  S. 
W.  Minnesota,  but  it  is  rather  less  siliceous  than  that.  In  the  same 
manner,  however,  it  overlies  a  coarse  pebbly  conglomerate,  which  in 
the  same  way  indicates  its  relations  to  the  red  quartzyte  of  Grand 
Portage  Island  and  of  Pigeon  Pt.  peninsula  (No.  290),  as  well  as  to  the 
red  sandrock  and  shales  of  Fond  du  Lac. 

At  Ovand  Portage  Island  it  appears  that  a  trap  inflow  separates  the 
red  sandstone  and  shale  formation  into  two  parts,  only  a  small  portion 
being  below  the  trap,  the  greater  portion  being  out  in  the  lake  further 
south,  while  on  Isle  Roy  ale  no  such  trap  overflow  divides  it. 

556.  Red  quartz3'te  or  sandrock  from  Siskiwit  Point,  Isle  Royale  (the 
point  that  encloses  Siskiwit  Bay).  This  has  been  quarried  further 
west  in  the  bay,  on  the  south  shore,  and  advertised  in  Detroit  under 
the  title  "Isle  Royale  Brown  stone,*'  bv  Buchan  &  Co.,  117  Griswold 
St.  West  from  the  point,  on  the  south  shore  of  the  bay  this  rock 
stands  out  prominently,  dipping  from  10  to  20  degrees  to  the  south, 
forming  a  jagged  and  rocky  coast,  having  a  perpendicular  rise  from  the 
water  the  most  of  the  distance  to  the  first  bay  on  that  side.  Altogether 
there  must  be  three  or  four  hundred  feet  in  thickness  of  these  beds,  in- 
volved in  the  point  that  shuts  in  the  bay,  but  they  actually  rise  above 
the  lake  but  about  60  feet.  The  former  beds  do  not  lie  immediately  on 
the  coarse  conglomerate,  but  are  separated  from  it  by  a  shale,  which 
appears  at  the  point  forming  the  first  little  bay  west  from  Siskiwit 
Point.  This  red  "ihale,  though  appearing  rocky,  breaks  with  a  sectile 
fracture,  into  a  great  many  small  pieces  when  struck  with  a  hammer. 
It  is  bedded  like  the  quartzyte,  but  is  intersected  by  numerous  gafihes, 
or  gash  veins,  which^  are  of  a  very  different  color,  being  greenish,  or 
greenish  gray,  and  about  one-fourth  to  one-half  inch  wide  and  but  a 
foot  or  two  in  length,  running  nearly  north  and  south  as  they  appear 
on  the  weathered  surface,  though  some  are  irregular  in  direction  and  fol- 
low other  cracks.  These  gashes  seem  to  have  been  caused  by  the  change 
produced  in  the  rock  by  the  gases  escaping  through  fissures  produced 
by  the  disturbance  of  the  formation,  rising  from  heated  regions  below, 
rather  than  by  the  downward  effect  of  heat  from  trap  overflows.  This 
triiale  is  the  most  destructible  of  the  whole  formation,  and  probably  is 
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mainly  the  cause  of  the  low  swampy  land  that  intervenes  between  th^ 
head  of  Siskiwit  Bay  and  the  S.  W.  comer  of  Isle  Royale.  The  con- 
glomerate itself  is  under  the  shale,  and  is  more  durable. 

556.  Red,  hardened  shale,  south  shore  of  Siskiwit  Bay,  as  above 
described. 

The  same  red  conglomerate  that  forms  the  S.  W.  end  of  the  island 
also  forms  the  north  coast  of  Siskiwit  bay,  and  is  the  rock  containing 
the  copper  at  the  Island  Mine,  which  is  near  the  head  of  the  bay. 

557.  Cupriferous  conglomerate,  from  the  Island  Mine,  Isle  Royale 
near  the  head  of  Siskiwife  bay ;  this  is  also  argentiferous. 

557  A. — Variety  of  pebbles  from  the  conglomerate,  43  kinds. 

557  B. — Stamped  rock  and  copper.    Island  Mine. 

558.  Amygdaloidal  dark  trap,  near  the  stamping  mill  of  the  Island 
Mine,  Isle  Royale.  This  is  near  the  creek  coming  through  the  loca- 
tion. 

558  A. — Wemerite,  from  558.  This  mineral  has  the  following 
chemical  and  blowpipe  reaction : 

Bloivpipe  Reaction  of  No,  558  A. 

Fuses  at  2  or  2.5,  with  intumescence 

After  fusion  gives  a  quick  alkaline  reaction  when  moistened  on  turmeric  paper. 

Gives  no  sulphur  reaction  on  silver. 

Salt  of  Phosphorous  bead  shows  a  skeleton  of  silica. 

H  CI.  solution  does  not  gelatinize. 

H  CI.  solution  gives  no  precipitate  with  Ba  CI. 

H  CI.  solution  gives  slight  precipitate  with  NH4  IIO. 

In  closed  tube,  B.  B.  gives  no  water  or  the  slightest  trace  only. 

Fused  and  moistened  with  H  CI.  gives  a  copper  flame. 

Some  fragments  effervesce  slightly  in  H  CI. 

H  CI.  solution  gives  no  precipitate  with  S.  O. 

Hardness  5  or  6. 

Color,  light,  lilac-gray,  or  a  pinkish  white,  or  white. 

Structure,  massive,  or  fibrous  and  divergent,  the  rays  becoming  separated,  acicu* 
lar,  tetragonal  crystals. 

H  CI.  solution  does  not  give  titanium  reaction  with  tin. 

Borax  bead  is  slightly  yellow  from  iron. 

H  CI  solution  does  not  gelatinize  even  after  boiling. 

After  fusion  the  H  CI.  solution  gives  no  jelly. 

These  characters  bring  the  mineral  between  Wemerite  and  Cancrinite.  The 
occasional  effervesence  allies  it  with  Cancrinite,  but  its  color  and  the  tetragonal 
form  of  the  fine  crystals  show  it  to  be  Wemerite.  The  effervescence  is  probably 
due  to  something  attached  to  the  fragment.  This  mineral  is  in  amygdaloidal  cav- 
ities or  irregular  openings  in  the  trap,  some  of  the  masses  being  two  inches  or 
more  across. 
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55S  B. — In  558  are  veins  of  ii  green  rock  which  is  heavy  and 
amygdaloidal  with  what  also  appears  like  Wernerite. 

559.  Trap  that  innnediately  overlies  the  cupriferous  bed  of  con- 
glomerate, at  the  Island  Mine. 

560.  Trap  that  forms  a  bed  under  the  cupriferous  ccmglomerate, 
known  as  the  Greenstone  Range  where  it  rises  to  the  surface  further 
north. 

561.  Decayed  rock,  or  volcanic  ash,  so-called  by  Norwood,  from 
the  cupriferous  bed  of  the  conglomerate. 

At  the  Location  of  the  Island  Mine,  a  beach,  api)arently  formed  by 
jamming  of  ice,  is  95  feet  above  the  water.  The  road  from  the  dock 
to  the  mine  runs  on  it  some  distance.  There  are  other  beaches  or 
ridges,  lower,  some  of  them  running  somewhat  transversely  across  the 
intervening  8i)ace.  These  are  short,  and  more  evidently  due  to  the 
jamming  of  ice.  The  95  feet  beach  is  the  upper  limit  of  a  strictly  peb- 
bly surface;  above  that  the  surface  being  one  of  loam  and  gravelly 
clay,  or  a  stony  loam,  so  that  there  may  be  said  to  be  a  soil.  Below 
the  top  of  this  ridge,  as  well  as  wholly  over  it,  there  is  absolutely  no 
soil, — only  red  gravel  and  stones  derived  from  the  conglomerate,  with 
an  occasional  out-croj)  of  the  conglomerate  itself.  * 

The  conglomerate  slopes  southward  into  the  water  of  the  bay  all 
along  the  shore,  but  between  the  shore  and  the  mine  several  trap 
and  amygdaloid  beds  appear,  having  a  bearing,  or  strike,  apparently 
in  the  direction  of  the  coast,  the  whole  of  them  being  near  the  mine. 
The  location  of  the  mine  is  from  250  to  300  feet  above  the  lake,  and 
about  a  mile  north  from  the  bay  The  shafting  is  in  the  conglomerate 
rock  lying  between  trap  beds,  and  slopes  towards  the  south  with  the 

» 

dip  of  the  formation. 

There  is  some  coarse  sandstone,  or  grit,  disseminated  among  the 
conglomerate,  some  beds  being  a  foot  in  thickness,  but  fading  out  to 
the  right  and  left. 

The  mine  is  not  now  worked  (1879)  and  has  not  been  for  a  couple 
of  years.  There  is  not  a  man,  woman  or  child  here,  but  there  are 
many  houses,  stores,  shops,  and  offices,  including  a  Court  House,  this 
being  the  county  seat  of  Isle  Royale  county.  Everything  is  deserted. 
The  machinery  is  mostly  still  here.  The  cars,  shovel,  and  various 
accoutrements  lie  simply  abandoned.  The  mills  are  perfect,  the  en- 
ginery for  stami)ing  and  washing  the  ore  being  still  on  the  ground  and 
in  good  condition. 

Toward  the  east  from  the  dock  of  the  Island  Mine  the  coast  is  wholly 
occupied  by  the  conglomerate,  or  by  the  overlying  slate  and  sandrocbi 
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as  far  as  Wright's  Island,  but  the  beach  much  of  the  way  is  formed  of 
drift-brought  stones. 

562.  Trap,  somewhat  decayed,  from  a  niche  in  the  coast  line, 
south  of  the  east  end  of  Siskiwit  lake.  This  is  under  the  sandstone, 
but  over  the  conglomerate.  It  rises  from  the  water  with  a  dip  to  the 
south.  It  has  involved  with  it  irregular  beds  of  a  porpnyritic,  harder 
rock,  and  patches  of  epidoti:  green  rock. 

563.  The  porphyry  is  finer  than  the  porphyry  of  the  pebbles  of  the 
conglomerate,  but  it  seems  possible  that  these  porphyritic  belts  mjiy 
come  from  a  metamorpli ism  of  patches  of  that  conglomerate  holding 
such  pebbles.  The  trap  is  confusedly  bedded.  The  porphyry  is  also 
amygdaloidal,  mottled  with  green  and  red -brown,  with  white  calcite. 
At  Chippewa  harbor  beds  of  sandstone  and  shale  are  between  beds  of 
trap,  visible  on  both  sides  of  the  entrance  dipping  about  35  or  40  de- 
grees to  the  south.  On  the  east  side  but  one  bed  of  sedimentary'  rock 
is  visible.  It  has  a  thickness  of  perhaps  75  feet.  The  overlying  trap 
rises  perpendicular  perhaps  45  feet.  A  little  further  westa  trap  rises 
from  below  the  sandrock  and  shale,  and  west  of  that  another  lower 
bed  of  fine  shale  appears  in  the  coast  line,  the  last  being  about  10  feet 
thick.  On  the  west  side,  near  the  entrance,  are  visible  two  beds  of 
shale  and  sandrock,  alternating  with  trap.  The  trap  contains  frag- 
ments of  shale  and  of  angular  quartzyte  along  a  thickness  of  about  a 
foot  just  over  the  shale-bed.  The  trap  separating  these  beds  of  shale 
seems  to  be  about  120  feet  thick.  That  on  the  top  of  them,  which 
also  forms  the  coast  line  either  side  of  Chipp«^wa  harbor,  is  also  about 
100  feet  thick,  and  over  that  is  much  more  sandstone,  forming  islands 
off  the  coast  five  or  six  miles  west  of  the  harbor.  Chippewa  Harbor 
enters  nearly  at  right  angles  to  the  strike  of  the  rock-beds,  but  after 
passing  the  narrows  it  turns  more  southerly  and  passes  along  the 
strife  behind  the  bluffs  formed  by  the  foreging  layers. 

664.  A  white  mineral  from  the  trap  at  Chipi)ewa  Harbor,  on  the 
east  side  near  the  entrance,  appears  to  be  the  same  as  the  Wemerite 
from  the  trap  at  the  Island  Mine,  but  it  has  somewhat  the  appearance 
of  pectolite.  In  this  lot  are  also  some  green  amygdules  which  are 
closely  associated  with  the  Wemerite  in  the  rock. 

565.  Calcite,  from  a  mass  on  the  beach,  containing  a  green  radi- 
ated mineral  like  prochlorite,  also  Wemerite,  and  a  little  quartz. 

566.  From  an  amygdaloidal  bed  of  trap  that  disintegrates,  near  the 
narrows  of  Chippewa  Harbor.  These  green  amygdules  appear  some 
4ike  chlorastrolites,  l)ut  fhey  are  probably  some   form   of  chlorite. 
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They  have  a  radiating,  fibrous  interior,   sometimes  several  centers  in 
one  mass. 

The  trap-rock  of  Cliippewa  Harbor,  without  exposed  sandstone, 
continues  to  the  little  bay  next  south  of  Conglomerate  bay,  known  as 
Lucky  bay,  where  the  rock  is  of  the  same  kinds  and  i)robably  of  the 
same  horizon  as  Xos.  562  and  563. 

567.  From  Lucky  bay,  showing  a  jjassage  from  porphj'ritic  trap  to 
non-porphyritic.  This  j)orphyry  is  from  the  trap  of  the  place,  but  it 
is  in  patches,  or  lenticular  beds  that  are  generally  less  than  a  fot)t 
thick,  the  mass  of  the  rock  l)eing  porphyritic;  but  sometimes  having 
a  few  amygdules  of  green  chlorite.  The  face  of  the  rock  shows  a 
spotted  surface  when  water-worn  and  i)artly  decayed  like  much  of  the 
trap  of  the  north  shore. 

568.  Trap-rock,  taken  from  the  Saginaw  Mine,  near  Conglomerate 
bay. 

569.  Epidotic  rock,  from  the  Saginaw  Mine,  the  same  being  the 
ore  of  the  vein  mined  for  copi)er. 

570.  Amygdaloid  containing  calcite,  chlorastrolite  and  chlorite, 
from  the  rock  at  the  light  house  at  the  entrance  to  Rock  Harbor. 

570A.     Chlorastrolites  picked  from  the  beach  at  Rock  Harbor. 

570B.  Green  *'thomsonites,'*  chlorastrolites,  &c.,  from  Rock 
Harbor. 

Conglomerate  bay  has  no  conglomerate  at  the  entrance,  but  toward 
the  head  of  the  bay  it  is  found.  The  trap  is  crumpled  and  faulted  be- 
tween Lucky  and  Conglomerate  bays,  ana  dip  generally  E.  S.  E. 

At  the  Siskiwit  mine  the  work  w^as  on  a  vein  of  epidote  and  calcite. 
In  the  islands  opposite  is  a  bed  of  conglomerate,  embraced  between 
trap  beds.  • 

571.  Samples  of  trap  and  gangue  rock,  from  Siskiwit  mine,  Rock 
Harbor. 

572.  Trap  rock  from  Scoville's  Pt.,  Isle  Roy  ale. 

573.  Radiated,  white,  fibrous,  zeolitic  mineral  from  the  trap  at 
Scoville's  Point,  picked  up  on  the  beach. 

574.  Trap  rock  from  the  extremity  of  Black's  Pt.,  east  end  of  Isle 
Roy  ale. 

575.  Thomsonites  (  ?)  and  other  zeolitic  minerals,  from  the  beach  of 
the  mainland,  north  shore  of  Lsle  Royale,  about  two  miles  S.  W.  from 
Lock's  Point. 

576.  Prehnite  and  copper  (some  attached  to  the  amygdaloid  from 
which  they  come,  from  the  little  bay  at  the  east  extremity  of  Fish 
Island'. 
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577.  Black  oxide  of  copper,  from  the  Minong  mine,  Isle  Royale, 
attached  to  a  large  piece  of  the  rock. 

578.  **Stamp  ore,**  showing  the  nature  of  the  rock  in  which  the 
copper  occurs. 

579.  Shows  an  occasional  form  of  the  rock  in  nodules,  also  included 
in  the  **Stamp  ore.** 

580.  Coarse  green  amygdaloid,  the  cavities  being  filled  with  chlorite 
or  with  geodic  quartz  with  interior  rosettes  of  chlorite,  coated  with 
green — the  amygdules  making  up  more  than  half  of  the  bulk  of  the 
whole.  It  also  shows  some  calcite  and  some  laumontite.  This  adjoins 
the  copper-bearing  rock. 

581.  Native  copper,  from  the  Minong  mine.  Isle  Royale. 

582.  Native  allojy,  and  intimate  mixture  of  copper  and  silver,  Min- 
ong mine.  Isle  Royale. 

583.  Native  copper,  with  attached  crystals  of — ? 

584.  Battered  copper,  found  about  the  large  masses  worked  by  the 
ancients. 

585.  Stone  hammers  used  by  the  ancient  miners  at  the  Minong 
mine.  Isle  Royale.  These  are  generally  rounded  or  oval  pebbles  of 
fine  basalt,  evidently  "transported  from  the  north  shore  of  the  lake, 
where  they  got  their  form  by  the  action  of  the  waves  on  the  beach. 
They  are  not  withed*.  They  are  found  in  the  debris  about  the  old 
pits 

586.  Wood,  found  in  the  ancient  dumping  heaps. 

At  Silver  Islet  the  shaft  in  1879  was  720  feet  below  the  level  of  the 
lake.  The  vein  runs  about  N.  and  S.  in  the  slates  and  quartzyte  of 
the  region,  and  varies  from  almost  nothing  towards  the  north  to  \,en 
or  twelve  feet  in  its  greatest  width,  which  is  where  it  intersects  diorite 
dykes  running  N.  E.  and  S.  W.  (said  to  be  E.  and  W.)  The  dyke  is 
set  ofi*  where  the  vein  crosses  it,  the  east  side  being  further  to  the 
south  than  the  west.  The  richest  deposits  are  near  the  intersection  of 
the  vein  and  dyke,  and  are  accompanied  with  plumbago  which  has 
seggregated  from  the  organic  matter  contained  in  the  slates.  The 
gangue-rock  is  a  breccia  of  slate,  filled  with  calc-spar  and  quartz, 
though  mainly  calc-spar.  The  silver  is  native  and  is  disseminated 
through  saccharoidal  calcite.  It  is  also  found  in  the  galena,  but  in 
general  the  galena  is  discarded.  There  are  also  blende  and  pyrite. 
This  silver  has  been  lately  found  combined  in  new  forms  with  arsenic, 
antimony,  &c.,   &c.,   creating    new    mineral    species— Hun tilite    and 


•S«*et*^e  Popular  Science  Monthly  Tor  September,  1881.  for  Hn  account  of  these  ancient  miners,  by 
the  wrlier. 
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Animikite.  The  vein  seems  to  have  been  enlarged  in  passing  the 
dyke  and  charged  with  these  minerals.  The  work  is  now  being  pushed 
north  and  south,  in  hope  of  striking  other  dykes.  In  the  vein  are  large 
spar-lined  cavities  in  which  gas  accumulates,  (carburetted  hydrogen) 
which  has  caused  some  trouble  from  its  slightly  explosive  character. 
Water  gathering  in  the  mine  is  strongly  charged  with  some  gas, 
probably  the  same,  but  at  the  bottom  of  the  mine  in  the  **diorite** 
rock,  no  water  accumulates,  and  it  is  necessary  to  carry  down  water 
to  serve  the  drill  which  is  driven  by  compressed  air,  the  same 
operation  ventilating  the  shaft.  The  great  deposits  of  native  silver 
have  been  in  near  connection  with  the  dyke,  and  the  large  cavities 
with  calcite  and  galenite  are  in  the  same  way  related  to  it.  The 
plumbago  is  along  the  hanging  wall,  and  is  closely  connected  with  the 
"diorite"  of  the  dyke — indeed  is  permeated  sometimes  with  igneous 
rock  matter. 

587.  Calcite  and  galenite  masses  with  crystalline  points  i)erfect. 
The  galenite  here  is  in  octahedrons  instead  of  cubes. 

588.  Mass  of  octahedra  of  galenite,  Silver  Islet. 

589.  Plumbago,  Silver  Islet. 

590.  **Diorite,'*  from  the  bottom  of  the  mine.  Silver  Islet,  720  feet 
below  the  level  of  Lake  Superior. 

591.  Saccharoidal  spar,  which  is  the  gangue-rock. 
692.     Cemented  breccia,  from  the  vein. 

593.  Igneous  rock,  from  the  vein. 

594.  Slate,  that  incloses  the  vein. 

595.  Cores  of  the  diamond  drill,  Silver  Islet, 

596.  Stamp  ore,  with  saccharoidal,  flesh-colored  calcite.  Silver 
Islet. 

596  A.  Huntilite,  from  the  Silver  Islet  mine,  an  arsenate  of  silver, 
antimony,  cobalt,  &c.     (Wurtz.) 

The  following  general  section  was  taken  at  Silver  Islet  Landing. 
Some  of  these  beds  are  seen  only  at  a  mile  or  two  north  from  the  lake. 
It  is  given  in  descending  order.  • 

(1.)  Mottled,  red-and-blufF,  fissile  shale,  checked  and 
crumbling  into  small  angular  pieces;  below  con- 
glomeritic  and  lighter  colored,  siliceous  limestone 
and  chert  predominating,  ashy  and  loose 40  ft. 

(2.)     Light-red  dolomitic  sandrock,  some  parts  being  red 

sandrock,  weathering  generally  of   a  light  color  35  ft. 

(3.)    Siliceous  conglomerate,  with  rounded  pebbles 5  ft. 
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(4.)  Greenish,  weathering  dark,  fissile  sandrock,  appear- 
ing at  a  distance  like  thin-bedded  slate— really 
fine-grained  and  aluminous,  apparently  the  top  of 
the  slate  and  quartzyte  in  which  the  silver  occurs. 
The  transition  is  gradual  from  a  hard  quartzyte 
and  slate,  near  the  bottom,  to  an  arenaceous  slate, 
through  a  greenish  color  which  is  first  brownish 
and  then  reddish,  thus  getting  the  color  of  the  beds 
higher  still.     Seem 55  ft. 


Seem  total 135  ft. 

There  is,  presumably,  slate  to  the  thickness  of  about  50  or  60 
feet  more,  hid  by  tubes.  The  above  are  all  conformable,  so  far  as  can 
be  seen  here,  and  are  cut  by  **diorite'*  dykes  running  to  the  top. 

597.  Fissile,  mottled  red-and-buff  shale,  from  No.  1  of  the  forego- 
ing section. 

597  A.  Siliceous  and  cherty,  with  calcareous  nodules,  from  the  low- 
er, and  conglomeritic,  portion  of  597. 

598.  Light-red  dolomitic,  sandrock,  compact,  mixed  with  red  sand- 
rock,  from  No.  2  above. 

599.  Siliceous  conglomerate,  from  No.  3  above. 
599  A.     Pebbles  from  599,  water-worn. 

600.  Greenish  fissile  slate,  from  No.  4  above.  Aluminous  and  fine- 
grained. The  samples  are  rather  too  quartzose  to  fairly  represent 
the  bed.  They  are  from  the  lower  portion.  The  higher  beds  are 
softer. 

601.  Coarse  porphyritic  **dioryte,"  in  a  dyke  running  parallel  with 
and  contiguous  to  and  passing  into 

602.  A  fine-grained  dioryte,  in  the  form  of  a  dyke.  The  interval 
of  transition  is  perhaps  two  feet  wide  and  the  crystals  of  feldspar  are 
scatteringly  disseminated  through  it  on  the  south  side,  and  wholly 
disappear  on  the  north  side.  They  run  in  the  same  tiirection  as  the 
dyke  on  Silver  Islet.  The  whole  is  45  feet  wide,  but  is  evenly  divided 
between  Nos,  601  and  602,  from  about  a  mile  north  of  the  "Landing" 
at  Silver  Islet. 

Pigeon  River  Falls  are  formed  by  the  range  of  hills  of  trap  that  set 
in  near  the  head  of  ^Wauswaugoning  Bay.  The  range  is  an  immense 
dyke  cutting  the  slate,  and  continues  east  so  as  to  make  the  peninsula 
that  separates  the  bay  into  North  and  South  Arms,  but  undulates  up 
and  down.  It  is  in  one  of  the  downward  undulations  that  the  falls 
occur.    Probably  more  of  these  hills  than  has   been   supposed,  are 
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simply  dykes  piled  up  over  the  fissure  wlien  the  rock  was  molten,  some- 
times flowing  over.    Hat  Point  and  Mt.  Josephine  are  thus  dykes. 

603.  Porphyritic  dioryte,  such  as  cover  the  hills  of  quartzyte  and 
slate  at  Pigeon  Pt.    From  the  extremity  of  Pigeon  Pt.    (V.  No.  291.) 

604.  Black,  fine-grained,  hardened  slate,  from  south  of  the  dyke 
(No.  605)  on  the  point  next  east  of  the  little  bay  where  the  portage 
passes  over  Pigeon  Pt.,  on  the  south  shore  of  Pigeon  Pt.  The  portage 
is  87  paces  over,  from  the  top  of  the  beach  on  the  south  side  to  the 
same  on  the  north  side,  and  passes  wholly  over  moss- covered,  loosened 
fragments  of  rock. 

605.  Dyke-rock,  cutting  the  slates  and  quartzyte,  35  feet  wide,  at  the 
bay  where  the  little  portage  crosses  the  point. 

606.  Rock  of  the  surface  next  north  of  the  dyke,  in  contact  with  it. 

607.  Modification  of  the  quartzytes  next  north  of  the  dyke,  and  un- 
der No.  606,  fine-grained  quartzose  syenite,  some  of  it  not  showing  or- 
thoclase. 

608.  Fine-grained,  reddish  quartzose  syenite,  a  modification  of  the 
quartzytes,  under  No.  606. 

609.  Similar  to  the  last,  but  further  from  the  dyke  No.  605. 

610.  Similar  to  the  last,  but  more  red,  further  from  No.  605. 

611.  Ked,  fragile  syenite,  a  further  modification  of  the  rock  under- 
lying the  rock  No.  606,  and  further  within  the  bay.  * 

612.  A  further  modification  of  the  same  beds  or  underlying  beds, 
from  a  few  feet  within  the  bay  toward  the  portage  trail,  northwest- 
erly from  604,  This  is  evidently  mingled  with  igneous  matter,  though 
having  a  slightly  red  color.  There  is  a  fine  cross-jointage  in  610  and  612 
that  resembles  that  of  some  igneous  dykes,  but  this  is  not  anywhere 
seen. 

The  relations  of  607 — 612  to  the  dyke  and  to  the  quartzyte  cannot 
be  stated  positively,  for  the  whole  situation  is  confused,  yet  the  posi- 
tion of  the  beds  from  which  they  are  derived  is  such  that  they  would 
succeed  each  other  in  descending  order.  No.  604  seems  to  be  the 
quartzyte  hardened.  It  forms  a  surface  sloping  to  the  lake.  It  is  cut 
by  No.  605,  but  as  605  rises  five  or  six  feet  above  the  lake  it  comes  in 
contact  on  the  north  side  with  606,  which,  while  so  situated  as  to  be 
the  apparent  continuation  of  604,  has  a  very  different  lithology.  It  is 
much  like  the  rock  603,  at  the  extremity  of  the  point;  is  coarser-grained 
than  604,  but  has  free  quartz  and  horn-blende.  No.  606  overlies  the 
numbers  following  to  No.  612.  These  last  cannot  be  said  to  come 
exactly  in  the  order  numbered,  but  probably  do  approximately.  The 
layers  are  in  strata  and  dip  S.  or  S.  E.  weathering  out  thin-bedded. 
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The  samples  did  not  come  from  successive  beds,  but  rather  at  increas- 
ing distances  along  the  beach,  somewhat  descending  in  the  strata. 
The  fragile  parts  (Nos.  611  and  612)  are  at  once  followed  by  the  pebbly 
beach  where  the  portage  trail  passes  over  to  the  north  side.  These  are 
piled  in  successive  steps  upon  each  other  to  the  height  of  15  feet,  and 
continue  across  the  bay.  It  was  doubtless  owing  to  the  occurrence  of 
these  soft  beds,  which  rot  and  chip  up,  under  the  water  and  ice  of  the 
lake,  that  the  break-down  in  the  peninsula  exists  here. 

613.  On  the  west  side  of  this  little  bay  the  point  consists  of  rock 
like  some  of  the  rock  on  the  other  point  (607 — 612),  but-  is  hard  and 
firm.  It  has  a  resemblance  to  the  plumbaginous  quartzyte  (552),  but 
with  the  naked  eye  no  plumbago  can  be  detected. 

614.  Near  the  point  a  dyke  cuts  this  rock,  blackening  and  harden- 
ing it.  The  dyke  seems  to  dip  N.  E.  so  as  to  stand  at  right  angles  to 
the  dip  of  the  quartzyte,  and  the  north  wall  is  very  distinct,  the  dyke 
having  been  torn  away  1)}'  the  lake. 

615.  Rock  of  the  above  dyke. 

This  dyke,  which  is  12  feet  wide,  has  not  the  direction  of  that  on 
the  other  point,  but  runs  out  into  the  lake  S.  E.  while  that  on  the 
other  point  seems  to  run  into  the  bay,  lying  to  the  north  of  this. 
These  dykes  each  point  toward  a  hill  of  quartzyte  near  the  coast  a 
short  distance  west. 

616.  Further  within  the  bay,  on  the  west  point,  the  rock  bluff  fac- 
ing east  is  reddish  and  mottled,  like  much  of  that  on  the  other  point. 
Sometimes  the  prevailing  color  is  red,  and  sometimes  green,  but  the 
colors  do  not  apparently  change  in  any  observable  regularity,  or  in 
accordance  with  the  strata.  By  far  the  greater  portion  on  the  west 
point  is  red,  while  on  the  east  point  a  green  color  is  more  common; 
bands  and  veins  of  red  run  through  the  green,  or  vice  versa. 

The  two  dykes  mentioned  at  Little  Portage  bay  converge  toward  a 
hill  near  the  south  coast — indeed  the  rock  forming  the  point  (613) 
seems  to  rise  and  culminate  in  this  hill,  though  the  hill  is  at  last  sud- 
den in  ascent  on  nearly  all  sides.  It  is  about  one -half  mile  west  of 
the  portage. 

617.  From  near  the  base  of  the  hill  mentioned,  a  reddish  gray 
quartzyte. 

618.  Gray  quartzyte,  from  the  top  of  the  same  hill.  This  hill  is 
with  the  exception  of  that  back  of  Clark^s  Bay,  the  highest  on  the 
peninsula,  and  consists  of  metamorphosed,  highly  inclined,  basaltified, 
gray  quartzyte.     The  softer  beds  that  allow  of  the  narrows  in  the 
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peuiusula  form  a  belt  of  low  land  running  north  of  this  hill,  and  strik- 
ing the  north  coast  N.  W.  from  the  hill. 

There  are  four  principal  elevations  on  the  peninsula.  1st.  East  of 
the  narrows,  forming  a  basaltic  bluff  perpendicular  from  the  water  on 
the  north  side  of  the  point.  2nd.  The  quartzyte  hill  near  and  west 
of  the  Little  Portage  bay.  3rd.  Hill  at  the  head  of  Clark's  Bay, 
north  of  it.  4th.  The  hill  range  cut  by  the  Parker  vein  Of  these 
the  third  is  the  highest,  being  about  three  hundred  and  fifty  feet  above 
the  lake. 

619.  From  the  same  hill  as  No.  618,  on  the  south  side  where  the 
structure  is  basaltic. 

This  quartzyte  assumes  forms,  structures,  colors  and  positions  that 
give  it  a  very  great  resemblance  to  igneous  rock.  Tt  is  often  finely  or 
coarsely  basaltic  (at  least  cut  by  numerous  N.  and  S.  parallel  points), 
and  sometimes  rises  suddenly  to  the  height  of  over  one  hundred  and 
fifty  feet.  It  is  dark  gray,  greenish,  red,  black.  It  is  globuliferous, 
or  at  least  disintegrates  in  a  rough  or  cavernous  manner  somewhat  like 
trap  rock.  It  is  porphyritic,  with  feldsi)ar.  These  characters  do  not 
combine,  but  occur  separately,  and  it  can  hence  generally  be  identified. 

620.  Rock  of  the  E.  Palisades  (V.  No.  230).  This  rock  is  red  on 
weathering  under  friction,  but,  being  coarsely  fissile,  or  shaly,  cut  by 
innumerable  seams,  it  rarely  fractures  freshly  but  parts  into  small 
angular  pieces  by  a  blow  from  the  hammer^  showing  only  greenish 
coatings  in  the  seams.  Its  true  fracture  is  ragged.  This  rock  has  fine 
translucent  grains  of  quartz  resembling  those  of  the  Great  Palisades 
and  a  general  outward  resemblance  to  the  rock  of  the  Great  Palisades. 

621.  Thomsonites  (?)  &c.,  frcun  a  short  beach  at  Lover's  Bay.  The 
trap  that  encloses  this  bay  is  dark,  but  slightly  greenish,  and  amyg- 
daloidal  with  Thomsonites  and  Wemerite.  They  are  few  and  dull  in 
color.  They  are  generally  of  a  pink  color,  or  massive  and  white. 
(See  after  No.  192.) 

622.  Stilbite,  thomscmite,  calcite  &c.,  mouth  of  False  Poplar  river. 
62f3.     Dark,  greenish  trap,  forming  the  upper  layer  of  the  point  that 

encloses  Eclipse  beach  on  the  east.    This  is  two  and  one-half  feet  thick, 
not  amygdaloidal,  but  ver}-  chloritic  from  decay. 

624.'  Laumontitic  amygdaloid,  lying  below  No.  623.  This  has 
some  stilbite  and  some  thomsonite.  This  bed  by  easy  disintegration 
forms  two  small  harbors,  one  protecting  from  the  N.  E.  and  one  from 
the  S.  W.  The  beach  of  the  west  harbor  is  of  gravel,  and  has  many 
thomsonites,  but  the  east  harbor  is  entirely  rock-bound.     This  bed  is 
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about  eight  feet,  but  varies  some,  as  the  characters  of  No.  623  fluctuate 
up  aucl  down.     The  general  color  is  a  dull  red. 

625.  Greenish  trap,  having  much  thomsonite,  prochlorite  and  some 
stilbite.  From  this  bed  the  thomsonites  of  Eclipse  beach  weather  out. 
Some  of  the  masses  of  thomsonites  are  three  or  four,  or  even  ten 
inches  across;  but  in  the  case  of  large  masses  the  mineral  lies  rather 
in  sheets,  with  radiating  points  on  the  upper  and  lower  contact  sur- 
faces. Some  large  masses  two  inches  across  also  have  two  or  three 
points  of  radiation.  When  polished  on  the  beach  the  pieces  which  re- 
sult from  the  destruction  of  the  large  masses  are  prismatic,  but  there 
are  also  many  round  and  oval  which  have  not  been  broken  on  separa- 

.  tion  from  the  rock.  These  show  the  circular  radiating  results  of  dif- 
ferent colors  on  the  outer  surfaces  when  polished  on  the  beach.  The 
colors  are  pink,  red,  white  and  green, — at  least  th6  same  green  mineral 
is  found  here,  always  smaller  than  the  other  thomsonites,  as  is  found 
at  Terrace  Point.  This  green  mineral  often  surrounds  the  pink  and 
white  radiating  masses  of  thomsonite.  It  is  itself  not  evidently  radi- 
ated, and  the  radiations  of  the  thomsonite  penetrate  it. 

This  rock  is  very  nearly,  if  not  exactly,  on  the  same  horizon  as  the 
trap  at  Terrace  Point,  judging  from  the  run  of  the  beds,  as  they  extend 
along  the  coast  from  that  place.  The  same  horizon  extends  to  Poplar 
river  without  much  deviation.  Some  thomsonites  are  to  be  seen  on 
the  beach  at  Poplar  river.  The  thickness  of  No.  625  cannot  be  made 
out,  as  it  forms  the  coast-line  eastward.     (V.  No.  187.) 

625A.     Thomsonites^  picked  from  the  rock  at  Eclipse  Beach. 

625B.     Thomsonites,  picked  from  the  beach  at  Eclipse  Beach.* 

626.  Red  laumontitic  amygdaloid,  from  about  mid-way  between 
Poplar  and  Temperance  rivers  (Nos.  177  and  178).  This  is  in  regular 
beds,  of  a'few  inches,  or  less  than  an  inch,  lying  like  a  sedimentary 
rock.  The  general  color  is  pinkish-red.  These  specimens  may  repre- 
sent the  red  amygdaloid  of  several  miles  aloug  here,  even  from  Popla^ 
river,  though  the  sedimentation  is  not  so  plain  in  all  cases.  Over 
them  here  is  a  heavy  bed  of  trap,  massive  or  coarsely  jointed.  This 
trap  bed  forms  arched  purgatories,  and  tables  extending  over  the  lake, 
where  it  extends  down  to  the  water,  the  amygdaloid  being  eaten  out 
by  the  lake.     Occasional  thomsonites  occur  here  on  the  beach. 

From  two  or  three  miles  east  of  Temperance  river  to  about  half  way 
to  Poplar,  is  a  very  picturesque  and  interesting,  but  difficult  coast. 


»Thifl  is  called  l£clfpi*e  Bench,  because  in  1878,  iu  the  latter  part  of  July,  our  boat  waa  driTen  fn  bore 
by  high  wind,  and  during  our  eurorced  Mtay  in  the  afternoun,  the  sun  whs  eclipwd  about  half  an  boor. 
Being  compelled  to  spend  the  night  here,  our  camp  was  pitched  on  the  blutf  and  between  tbttiwo 
harbors. 
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The  trap  and  amygdaloid  form  a  thousand  fantastic  shapes,  as  the  line 
of  the  lake  level  cuts  across  the  undulations  of  their  bedding  and 
change  of  dip.  Sometimes  the  bridge  of  trap  rock,  produced  by  the 
eating  away  of  the  soft  underlying  amygdaloid,  runs  intact  down  to 
the  lake,  forming  deep  reverberating  purgatories  in  wliich  by  the  con- 
finement and  compression  of  pockets  and  chambers  of  air,  the  waves 
that  close  up  the  entrance  are  thrust  back  quickly  again.  Sometimes 
the  bridf're  breaks  down,  leaving  islands  of  rock  just  oflf  the  line  of 
coast.  Sometimes  bridge,  islands  and  all  are  taken  away,  letting  the  lake 
break  on  the  base  of  the  high  bluff  rising  often  perpendicular  from  the 
water,  or  skirted  by  a  narrow  pebbly  beach,  a  few  rods  inside  the  line 
where  the  islands  had  existed.  The  effect  of  wave-and-frost-action  on 
a  line  of  stratigraphy  of  alternating  hardness  could  not  be  more  per- 
fectlv  illustrated. 

627.  Dark  tra]>,  forming  an  arched  rock  at  the  shore  three -fourths' 
of  a  mile  west  of  Cross  river.  The  eroded  bed  is  one  of  two  feet  thick- 
ness of  stilbite-thalite-laumontite  amygdaloid,  which  lies  on  a  firrft 
bed  of  trap  having  thomsonite  and  stilbite  with  less  thalite. 

628.  Basalt;  mouth  of  the  Manitou  river.  At  this  place  about 
thirty  feet  of  trap  that  shows  red  surfaces  in  falling  to  pieces,  lies  on 
an  amygdaloid  conglomerate,  the  two  together  forming  precipitous 
bluffs  on  either  side  of  the  river,  with  lower  stretches  where  the  trap, 
which  is  basaltic  or  semi-basaltic,  runs  unbroken  down  to  the  water. 
This  kind  of  coast  runs  east  at  least  to  the  point  west  of  Pork  bay  and 
west  to  Little  Marais.     (V.  No.  160.) 

629.  Conglomerate,  from  the  mouth  of  Manitou  river.  The  con- 
glomerate is  crumbling,  soft,  red,  amygdaloidal,  the  form  and  original 
structure  of  the  pebbles  being  obscured  or  lost  in  the  metamorphism. 

Over  this  conglomerate  at  Manitou  river  the  trap  (628)  is  basaltic. 
Along  the  coast  it  greatly  resembles  the  Grand  Marais  trap.  The 
basalt  is  bedded,  or  at  least  jointed  in  the  direction  of  the  dip,  so 
that  the  columns  break  off  in  pieces  a  few  feet  long,  leaving  a  smooth 
surface  below,  but  one  ^  on  which  the  outlines  of  the  tops  of  another 
tier  of  columns  can  be  seen,  and  which  is  itself  broken  away  at  a 
lower  level,  so  as  to  disclose  another  tier  still  lower.  Thus  in  succes- 
sive benches,  or  tiers  of  columns  the  bluffs  ascend  somewhat  irregu- 
larly from  twenty  to  eighty  feet.  Sometimes  one  of  the  lower  tiers  is 
not  broken,  but  like  a  dome  rises  gradually  from  the  water  and  runs 
under  one  of  the  upper  tiers.  This  regularity  is  not  the  invariable 
form  of  the  breaking  away.  Instead,  a  very  rough  surface,  caused  by 
the  separate  and  individual  fracture  of  the  columns  all  over,  some- 
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times  runs  down  to  the  lake  level.  This  is  the  case  in  approaching 
Little  Marais  from  the  east,  where  at  the  point  the  whole  range  of 
trap  strikes  southwardly  into  the  lake  and  disappears  under  the  water, 
forming  a  ragged,  rocky  point,  and  letting  the  coast  line  on  to  the  con- 
glomerate, which  is  but  little  seen,  the  only  exposure  being  just  at  the 
point  on  the  west  of  the  strike  of  the  trap. 

630.  Green,  chloritic  trap,  from  two  miles  west  of  Little  Marais 
Point,  forms  perpendicular  bluffs. 

631.  Green  chloritic  amygdaloid,  from  the  same  place. 

631A.  Red,  compact,  rock-like  veins  in  631.  This  red  rock,  which 
seems  to  be  foreign  to  the  rock  631  in  which  it  appears,  is  found  em- 
braced in  veins  with  stilbite  and  calcite. 

West  from  Little  Marais  beach,  the  first  little  point  is  formed  by  a 
trap  exposure  which  probably  lies  below  the  conglomerate.  This  con- 
tinues west  under  a  stony  beach  for  a  mile  or  so,  when,  with  a  high 
dip,  it  begins  to  show  more  and  more,  and  finally  to  make  a  continuous 
bluff  twenty  to  forty  feet  high.  This  trap  (630)  has  a  very  different 
aspect  from  the  Little  Marais  trap,  being  green  instead  of  red,  the 
amygdaloidal  portions  also  being  green.  It  contains  stilbite,  calcite, 
chlorite,  (thalite)  and  some  thomsonite.  This  trap  and  amygdaloid 
are  bedded,  but  not  basaltic.  Running  through  it  are  seams,  one  and 
two  inches  wide,  (631A.)  which  are  made  up  of  layers  of  stilbite  and 
a  red  rocky  substance  that  resembles  the  rock  Nos.  7  and  42.  On  the 
beach  are  amygdules  of  quartz  and  thomsonite.  This  rock,  taken  all 
together,  much  resembles  the  rock  at  Eclipse  Beach,  and  perhaps,  if 
the  horizons  could  be  compared,  it  would  prove  to  be  synchronous  in 
origin. 

A  little  further  west,  as  Nos.  630  and  631  rise  above  the  beach,  a 
reddish  amygdaloid  is  brought  into  view,  which  on  close  examination 
proves  to  be  a  conglomerate.  This  rises,  as  the  anticlinal  bend  of  the 
trap  passes  inland  so  as  to  show  about  thirty -five  feet  with  purgatories 
in  a  peq)endicular  bluff.  Under  it  soon  appears  another  trap  which 
also  rises  in  anticlinal,  is  broken  away  by  the  action  of  the  lake,  and 
discloses  in  an  eastward  facing  bluff  a  lower  conglomerate  bed  of  un- 
known thickness.  This  anticlinal  covers  about  a  mile  and  a  half. 
The  beds  return  to  the  lake  again  at  the  headland  about  one-half  mile 
still  further  west.  This  is  on  Sees.  29,  30  and  31,  T.  57,  R.  6,  about 
three  miles  west  of  Little  Marais. 

632.  Trap,  from  a  point  of  rock  on  Sec.  29,  T.  57,  6,  separated 
from  the  green  trap  630  by  a  conglomerate  thirty -five  feet  thick.  This 
is  red  in  many  spots,  on  account  of  the  red  partings  along  all  the 


STATE    GEOLOGIST.  63 

joints,  styled  heulanditic  by  Norwood.  It  is  crossed  by  red  siliceous 
seams  about  one-half  inch  thick,  and  has  large  lumps  of  quartz  and 
geodes.  These  red  veins  resemble  the  red  vein  material  of  631A.  but 
not  so  abundantly  accompanied  by  stilbite.     Thickness  12  feet. 

632A.  Siliceous,  jaspery  seams  from  trap  No.  632,  from  a  point 
about  one-half  mile  west  of  where  630  appears. 

6326.  In  the  same  beds  of  632,  or  which  at  least  contain  632A.  are 
siliceous  geodes,  lined  sometimes  with  amethyst,  and  a  great  many 
agates.  These  are  in  a  bed  l^ut  little  above  a  conglomerate,  and  seem 
to  have  been  derived  from  the  fusion  and  dissemination  of  the  material 
of  the  conglomerate,  the  same  cause  doubtless  as  filled  the  siliceous 
veins  of  632 A.     In  some  geodes  the  central  mass  is  laumontite. 

633.  Thin,  irregular  beds  of  trap,  immediately  under  632,  contain. 
ing  red  amygdules. 

634.  Nearly  the  same  as  633,  but  underlies  it;  this  seems  to  be  a 
heulandite  aniygdaloid.  It  is  near  the  top  of  the  conglomerate.  It 
also  contains  agate,  stilbite,  laumontite  and  chlorite.  The  red  coat- 
ings and  the  heulanditic  characters  prevail  along  the  red  seams  that 
cross  and  re-cross  the  rock.  In  some  cases  the  red  mineral  penetrates 
the  whole  and  is  disseminated  generally  through  the  mass  in  the  man. 
ner  of  amygdules. 

634A.  \mygdules  of  **heulandite,'*  and  of  agate,  stilbite  and  chlo- 
rite, picked  from  No.  634. 

634B.     Stilbite  crystals  from  634. 

635.  Greenish,  rather  soft,  fine,  sub-crystalline,  compact  crumbling 
rock,  containing  siliceous  nodules.  At  first  this  polishes  under  the 
friction  of  the  waves,  but  after  long  exposure  it  crumbles  from  the 
abundance  of  chlorite.  It  lies  under  No.  634  and  also  has  heulandite 
in  the  upper  portion.  Nos.  633-35  have  a  thickness  of  only  three  or 
four  feet,  and  are  variously  affected  by  proximity  to  the  conglomerate. 

635A.  Stilbite  amygdaloid,  containing  also  agatized  nodules,  jas- 
per, &c.,  lying  below  634.  The  heulandite  material  coats  the  am\'g- 
dnles  and  all  seams  and  joints;  contains  some  chloritic  amygdules. 

Beginning  with  the  Little  Marais  trap  bed  the  succession  downward 
appears  as  follows  in  going  west  along  the  coast : 

1.  Little  Marais  trap,  Nos.  160  and  628 30  ft. 

2.  Amygdaloidal  conglomerate  (No.  629) 50  ft^ 

3.  Green  trap,  (two  miles  west  of  Little  Marais,  Nos.  630 

and  636, 50  ft. 

4.  Crumbling  conglomerate,  amygdaloidal,  seen 35  ft. 

5.  Trap,  with  heulandite  (No.  632) 12  ft. 
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6.  Trap,  amygdaloidal  with  heulandite  (?)  (Nos.  633-4-5,..       5  ft, 

7.  Amygdaloidal  conglomerate.     Thickness  unknown. 

636.  Samples  of  red  granite;  resembles  the  red  granite  at  the  west 
point  of  Beaver  Bay,  but  is  coarser  than  that.  At  a  distance  this  is 
apt  to  be  mistaken  for  the  Palisade  rock.  Sec.  1,  T.  56,  7.  This 
makes  a  high  point,  with  a  perpendicular  face  toward  the  S.,  but  there 
is  only  a  small  area  of  it  in  the  formation.  (V.  No.  157).  This  rock 
passes  by  slow  changes  into  the  Palisade  rock.  It  appears  at  a  num- 
ber of  other  places  along  this  part  of  the  shore.     (V.  No.  643.) 

637.  Feldspar  rock,  Beaver  Bay,  at  the  west  point  of  the  bay,  (V. 
No.  120). 

637 A.  A  light  flesh-colored  mineral,  with  a  radiated  structure,  in 
scales  filling  seams  in  No.  637.  The  scales  are  generally  about  one- 
fourth  inch  thick,  but  are  sometimes  one-half  inch. 

638.  Rock  at  the  base  of  Encampment  Island,  from  the  north  side 
of  the  island,  (same  as  106). 

639.  Green,  heavy  doleritic  trap,  coarse-grained,  from  the  high 
bluflf  about  a  mile  east  of  Silver  Creek.  "  (V.  Nos.  105,  819.) 

640.  Two  Harbor  Rock,  separated  from  No.  639  by  a  red  amyg- 
daloid, eighteen  to  twenty  feet,  as  at  Two  Harbors;  at  the  water  level, 
under  the  hill  formed  by  639,  about  a  mile  E.  of  Silver  Creek. 

641.  Trap  amygdaloid.  Knife  river,  grayish  green,  containing 
thalitejand  chlorite.     (V.  No.  91.) 

From  Grand  Marais  to  Ogishkee  Muncie  Lake,  and  Mouth  of  Poplar 

Hirer, 

The  hills  that  lie  near  the  mouth  of  Silver  creek,  and  that  extend  in 
a  chain  N.  E.  from  here,  are  the  first  of  that  form  and  outward  aspect 
similar  to  the  Mt.  Josephine  class,  that  can  be  seen  from  the  tug-boat 
in  going  down  the  shore  from  Duluth. 

The  range  next  east  of  Carlton's  Peak  has  the  same  outward  form 
but  Carlton's  Peak  itself  is  different.  Between  Carlton's  Peak  and 
Poplar  river  are  four  prominent  hills,  rising  about  as  high  as  Carlton's 
P^ak.  West  of  Carlton's  Peak  for  a  long  distance,  is  an  unbroken 
line  of  continuous  high  land,  but  further  west  still  is  a  very  ragged 
range  of  hills. 

East  from  Poplar  river  are  two  gentle  swells  of  high  land  at  once; 
then  the  high  land  is  more  even-topped,  gradually  descending  to  the 
coast  at  Cascade  river.  The  range  appears  double  at  Poplar  river,  a 
high  hill  farther  inland  overlapping  the  gap  at  both  ends.  The  same 
is  true  at  Cascade  river. 


*-«  t" 
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In  passing  toward  Grand  Marais  some  of  the  hills,  which  do  not 
from  the  S.  W.-*^ow  any  semblance  to  the  saw-teeth  structure, 
change  their  profile,  and  fall  into  line  as  parts  of  the  regular  range. 
The  range  thus  runs  to  Ghrand  Maraia,  where  it  seems  to  fall  away,  or 
to  recede  from  the  coast. 

The  appearance  of  the  hills  suggests  that  the  Silver  creek  range,  al- 
ready mentioned,  having  the  outward  appearance  of  those  at  Grand 
Portage,  is  of  the  same  geological  structure,  and  that  the  range  east  of 
Carlton's  Peak,  extending  to  Grand  Marais,  may  be  of  another  geolog- 
ical age  or  formation.  ^-'-^ 

On  the  road  from  Grand  Marait  to  Rove  lake  there  is  first  a  gradual 
ascent,  with  some  flat  spots,  to  **the  summit,**  which  is  reached  at 
about  If  miles  from  Grand  Marais,  where  the  aneroid  shows  785  feet 
above  Lake  Superior.  There  is  then  an  undulating  ascent,  or  flat 
surface,  to  near  the  valley  of  the  stream  crossing  Sec.  9,  T.  61,  R.  1  E. 
when  there  is  a  descent  of  about  40  feet  over  drift,  to  the  creek,  which 
is  by  aneroid  838  feet  above  Lal;e  Superior.  The  valley  here  is  broad 
and  shallow,  without  any  rock-cut*.  The  country  thence  is  undulat- 
ing, with  good  soil  and  sub-soil,  and  rather  light  timber,  to  the  E.  and 
W.  town  line,  where  there  is  a  short  swamp,  but  on  the  other  side  of 
the  town  line  good  farming  land  again  returns.  The  whole  distance 
from  Grand  Marais,  along  this  road,  is  a  tract  generally  tillable,  even 
the  hillside  up  which  the  tract  runs.  The  underlying  rock,  in  the  hill 
seems  to  be  the  Palisade  rock,  probably  with  igneous  rocks  in  dykes 
and  overflow,  but  north  of  the  hill  the  red  rock  returns  again,  as  may 
he  presumed  from  the  occurrence  of  loose  pieces  of  the  red  rock,  and 
its  shingle,  occasionally  on  the  trail.  The  rock  in  actual  outcrop  is 
not  to  be  seen  on  the  trail  between  Grand  Marais  and  the  E.  and  W. 
town  line  mentioned. 

From  the  town  line  north  to  the  Devil's  Track  river  is  about  a  mile. 
This  stream  is  a  little  larger  than  the  other,  but  has  a  similar  valley. 
There  is  no  rock  exposed  at  the  crossing  of  Mayhew's  road  to  Rove 
Lake.  The  valley  is  in  the  drift,  but  most  of  the  stones  are  from  the 
red  formation — either  real  Palisade  rock,  or  red  granite  like  that  seen 
east  of  Beaver  Bay  and  at  Beaver  Bay  (V.  No.  665). 

Along  the  same  road  toward  Rove  Lake,  north  from  the  crossing 
of  the  Devil's  Track  river,  the  red  rock  continues  to  form  the  basis  of  the 
country,  as  shown  by  the  fragments  of  such  rock  along  the  trail,  and 
where  trees  have  been  thrown  down  by  wind,  to  about  14  miles  north 
of  the  town  line  where  a  belt  of  coarse  dark  trap  appears,  extending 

*The  mrveyor^B  pUtt  here  erroneously  extend  the  steep  blofTd  of  rock  elong  both  sides  of  the  river. 
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perhaps  20  rods,  when  the  red  returns  for  one-fourth  mile.  Then  an- 
other belt  of  coarse  trap-rock  like  that  in  the  Glrand  Portage  region 
follows  for  about  20  rods.  The  general  surface  is  not  rough,  but  un- 
dulating. It  is  covered  loosely  by  a  loam,  or  mold,  which  supports 
trees  to  a  certain  size.  They  are  generally  blown  over  and  afterward 
consumed  by  fire  which  also  burns  up  the  soil.  There  is  not  much 
drift. 

At  the  center  of  T.  62,  1  E.  a  little  knoll  of  dry  land  occurs  in  the 
midst  of  a  swamp.  Here  the  rock  is  coarsely  crystalline  doleryte.  At 
a  short  distance  further  an  amygdaloid  appears,  and  the  **Two  Harbor 
Rock/'  so-called  in  these  descriptions.  This  last  appears  soon  after 
passing  a  little  creek;  but  the  country  is  in  general  a  swamp,  with 
caribou  trail  in  soft  wet  moss  running  among  the  spruces  and  tama- 
racks. The  surface  is  closely  underlain  by  the  rock  in  situ  or  by  frag- 
ments which  are  lightly  covered  by  the  moss  or  by  a  vegetable  mold. 
Among  fragments  of  the  **Two  Harbor  Rock'*  (and  occasionally  the 
rock  in  place)  are  to  be  seen  also  masses  of  igneous,  coarse-grained 
rock  like  that  overlying  the  Two  Harbor  rock. 

642.  From  about  one  mile  north  of  the  center  of  T.  62  N.  1  E.  on 
Mayhew's  trail.  This  red  rock  here  which  appears  as  a  fine  red  syen- 
ite forms  an  escarpment  about  15  feet  high,  mostly  hid  by  the  tree* 
and  moss,  facing  N.  N.  E.  This  is  not  wholly  red  within,  though  it 
weathers  red,  but  is  a  reddish-brown,  and  has  red  crystalline  specks 
scattered  through  it.  It  is  in  heavy,  hard  layers,  and  does  not  shatter 
into  angular  small  pieces  like  the  red  rock.  It  c«mtains  free  quartz. 
Toward  the  south  the  land  is  higher  than  this  blufi^,  but  the  blufi^  over- 
looks immediately  a  swamp,  and  a  creek,  toward  the  *  north.  Toward 
the  west  this  escarpment  rises  into  a  hill  75  or  80  feet  high.  At  the 
foot  of  the  bluff  is  the  rare  feature  of  a  foreign  syenite  boulder. 

643.  In  the  northern  tier  of  sections  in  T.  62  N.  1  E.,  where  the 
trail  crosses  them,  is  a  hill  range  100  to  150  feet  high,  with  white 
pine,  birch  and  white  cedar,  of  larger  dimensions  than  in  the  lower 
land.  This  range  is  composed  of  a  red  rock  very  much  like  the  last 
number,  approaching  the  character  of  the  red  granite  seen  east  of 
Beaver  Bay  (No.  636).  Many  boulders  of  such  rock  are  in  the  road 
before  reaching  the  hills,  and  more  in  ascending  them.  There  are  a 
few  also  of  the  gray  slate  and  quartzyte,  and  some  of  the  Grand  Port- 
age igneous  rock:  nine-tenths  of  them,  however,  are  of  this  "red 
granite." 

644.  The  top  of  this  hill,  however,  consists  of  igneous  rock.  Thi» 
is  not  certainl}^  in  overflow.     It  may  be  as  a  dyke  protruding  through 
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No.  643.  East  of  the  Mayhew  trail,  following  the  town  line  between 
towns  62  and  63,  the  land  rises  in  a  ridge  perhaps  200  feet  above  the 
country  further  south.  The  ridge  runs  about  E.  and  W.  covered  with 
heavy  forest,  and  formed  of  **red  granite.*'  This  sanii)le  contains 
quartz  and  orthoclase,  and  is  not  a  true  igneous  rock. 

This  range  of  hills,  composed  of  this  red  rock,  appears  like  a  range 
of  upheaval,  and  finally  the  country  becomes  wholly  hilly. 

645.  "Red  granite,"  like  642,  from  this  hill-range,  S.  W.  i  Sec.  35, 
T.  63,  1  E.  on  a  little  creek.  This  rock  seems  to  be  the  result  of 
higher  nietamorphism  of  the  coast-line  red  rock,  or  the  Palisade  rock 
The  change  seems  to  have  been  gradual.  While  but  little  of  this  rock 
is  encountered  along  the  lake  shore,  it  here  constitutes  the  rock  of  the 
country,  and  rises  into  considerable  hills.  This  difference  of  crys- 
tallization must  be  due  to  greater  nearness  to  the  seat  of  upheaval  and 
heat,  which  would  not  be  in  consonance  with  the  opinion  expressed 
by  Messrs.  Bell  and  Logan,  locating  the  belt  of  greatest  disturbance  in 
the  bed  of  Lake  Sui>erior.  It  seems  rather  to  be  back  in  the  vein  of 
the  lake-basin.  Most  of  the  rock  is  like  this  number,  but  there  is  also 
much  like  No.  644,  in  large  masses  that  fall  from  the  hills,  and  that 
lie  on  the  tops  of  the  hills.  It  is  difficult  to  separate  644  from  645. 
It  seems  to  be  due  to  a  mixed  condition  of  matter  from  the  sedimentary 
and  from  the  igneous  rocks,  or  perhaps* to  a  complete  fusion,  and  flow- 
ing in  igneous  form,  of  the  same  rock. 

These  hills  are  from  1,000  to  1,200  feet  above  Lake  Superior,  and 
from  100  to  150  feet  above  the  surrounding  country. 

646.  *'Red  granite,"  8.  E.  cor.  T.  63,  1  E. 

647.  Red  rock,  like  643  and  645,  making  hills  in  N.  W.  cor.  T.  62, 
2  E.  and  N.  E.  cor.  T.  62, 1  E.  Associated  with  this  red  rock  in  some 
way  not  ascertainable  on  account  of  the  prevalance  of  surface  mold 
and  bushes,  is  found  the  next. 

648.  This  is  a  darker  rock,  containing  quartz,  orthoclase,  plagio- 
clase,  hornblende,  magnetite,  viridite,  apatite,  having  somewhat  the 
aspect  of  the  Grand  Portage  trap  hills,  but  not  its  mineral  comi>osition. 
It  may  ])e  only  a  local  irreguhirity  in  the  lithology,  as  suggested  under 
No.  645,  or  due  to  a  profound  nietamorphism  of  other  sedimentary  beds 
having  a  diflierent  composition  originally.  There  is  abundant  oppor- 
tunity for  this  latter  hyi)othesis,  because  under  the  red-rock  which  is 
supposed  to  make  by  further  crystallization  the  red  granite,  is  an  im- 
mense thickness  of  black  slates  and  quartzytes,  as  seen  in  the  peninsula 
of  Pigeon  Point,  the  strike  of  which  must  pass  westwardly  through 
the  country  north  of  Grand  Marais.     If  the  upheaval  and  metamor- 
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phism  of  the  red  rock,  which  took  place  after  its  deposition,  also  dis- 
turbed with  the  same  long-continued  effect  the  underlying  quartz- 
ytes,  they  would  be  deeply  metamorphosed  also,  and  would  produce  a 
rock  different  from  a  truly  igneous  rock,  and  from  the  overlying  red 
granite.  This  is  also  further  probable  from  the  observed  conformity 
between  the  red  rock,  or  red  quartzytes  at  least  of  Pigeon  Point,  and 
the  underlying  black  slates  and  quartzytes.  But  at  present  Nos.  644 
and  648,  and  other  rocks  like  them  from  the  same  region,  may  be  con- 
considered  undetermined,  though  with  a  probability  of  an  original 
sedimentary  condition. 

649.  Sample  of  the  rock  seen  in  loose  pieces  along  the  trail  going 
N.  between  Sec.  36,  T.  63.  1  E.  and  Sec.  31,  T.  63,  2  E.  A  high  hill 
runs  along  the  east  of  the  trail,  the  trail  being  west  of  the  town  line. 
This  is  a  red  syenite,  but  with  much  magnitite  and  hornblende. 

650.  Another  sample  of  dark  dioritic  rock.  This  is  so  abundant 
trat  it  must  be  in  place  near,  but  cannot  be  seen. 

651.  Magnetited  dioryte,  from  boulders,  seen  along  the  same  trail, 
twenty  to  thirty  rods  north  of  the  last.  This  same  rock  forms  a  hill 
along  the  right  of  the  trail.  This  resembles  the  Herman  iron  ore  (No. 
514),  but  it  seems  also  associated  with  the  dark  rock  No.  644  and  648, 
which  is  regarded  as  originally  a  sedimentary  rock. 

Across  the  creek  which  passes  north  near  the  town  line  where  this 
iron  occurs,  is  another  hill  made  of  the  same  rock  showing  a  perpen- 
dicular wall  facing  E.  rising  about  fifty  feet,  viz. : 

652.  Dark,  heavy  dioryte  (?)  with  magnetite,  from  a  point  about 
one-fourth  mile  from  the  Brule  river,  and  half  a  mile  west  of  the  town 
line. 

653.  Red  rock,  from  the  Brule,  some  west  of  the  town  line.  This 
rock  still  prevails,  thrown  up  by  trees. 

But  immediately  across  the  Brule,  on  the  town  line,  between  it  and 
the  head  of  Elephant  lake,  is  a  low  range  of  trap  hills,  of  the  kind 
characteristic  of  the  Grand  Portage  district.  This  rock  here  rises  in 
domes,  and  the  rock  it  lies  on  cannot  be  seen.  Yet  on  the  south  side 
of  the  Brule  it  apparently  lies  on  the  red  rock,  rising  in  the  hills  and 
ranges  higher  than  this.  It  is  coarse,  and  not  so  much  magnetited  as 
the  rock  No.  652,  south  of  the  Brule. 

North  and  west  of  the  Brule,  the  country  appears,  viewed  from  a 
burnt  knob  of  this  trap,  quite  hilly,  and  apparently  the  beginning  of 
the  broken  surface  seen  along  the  boundary. 

Also  west,  in  the  next  town,  northwest  from  here,  are  seen  some 
high  hills. 
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About  one-half  mile  north  of  the  north  side  of  Elephant  lake  on  the 
town  line,  large  pieces  of  the  shite  and  quartzyte  formation  begin  to 
appear,  with  boulders  of  the  trap  last  mentioned.  The  country  is 
more  nearl}-  level,  but  covered  with  tamarack  or  spruce  in  the  swamps, 
and  white  pine,  tamarack,  white  cedar,  poplar,  white  birch,  and  moun- 
tain ash,  on  the  ridges  or  higher  flats. 

A  little  further  on,  however,  are  many  pieces  of  the  red  rock  on  the 
banks  of  a  little  creek  running  west,  and  as  they  probably  would  not 
have  been  transported  north,  but  the  quartzyte  and  slate  may  have 
been  transported  south,  it  is  probable  that  the  red  rock  really  extends 
as  far  north  as  this  place. 

Sees.  18  and  19,  T.  63,  2  E,  the  red  rock  comes  in  full  force,  form- 
ing a  range  of  hills  running  E.  and  W.  across  the  town  line,  without 
a  capping  of  trap.  This  hill-range  is  covered  with  Pinus  banksiana, 
and  the  ground  is  carpeted  with  moss,  as  in  a  tamarack  swamp.  In- 
deed this  carpet  of  moss  is  general  here.  It  seems  to  depend  on  the 
rains  that  are  perhaps  more  frequent  about  the  summits  of  the  hills. 
The  moist  winds  from  the  lake  encounter  the  colder  land  winds  coiii- 
ing  more  from  the  north,  and  transient  showers  are  the  result. 

664.  This  sample  is  from  a  ridge  rising  about  one  hundred  and 
seventy -five  feet,  crossed  by  the  section  line  running  east,  S.  E.  i  Sec. 
18,  T.  63,  2  E.  This  is  plainly  an  igneous  rock  of  the  usual  kind  seen 
on  the  shore  of  Lake  Superior.     It  is  fine-grained  and  dark. 

655.  N.  E.  i  Sec.  20,  63,  2.  A  low  ridge  of  coarse-grained  vesicu- 
lar reddish  rock,  containiner  free  quartz,  probably  a  condition  of  the 
"red.rock." 

656.  At  another  point,  a  little  further  east,  this  reddish  rock  vesic- 
cular,  and  more  evidently  a  condition  of  metamorphism,  not  being 
wholly  crystalline. 

657.  Sec.  16,  T.  63,  2  E,  (on  the  southern  line,  just  after  the  cross- 
ing of  a  creek)  is  a  line-grained,  brown  rock,  having  feldspar  crystals 
handsomely  disseminated  sparingly  through  it,  and  resembling  the 
stellar  porphyries,  pebbles  of  which  are  seen  occasionally  on  the  lake 
shore.  It  is  a  dark,  brownish  rock,  which  weathers  red,  but  is  hard, 
fine  and  compact,  and  shatters  under  the  hammer  in  memerous  pre- 
existing joints  which  are  iron-shot,  making  sharply  angular  fragments. 
This  contains  fine  grains  of  free  quartz,  as  shown  in  thin  section,  and 
probably  comes  from  the  sedimentary  beds,  associated  with  the  rocks 
648,  651  and  652. 

658.  Further  on  this  ridge  takes  on  the  characters  of  655  and  656. 

659.  This  rock  appears  to  be  in  place,  but  can  be  seen  only  in  the  form 
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of  numerous  loose  pieces.  It  has  the  api^earance  of  constituting  the 
top  portion  of  the  ridge  (658.)  It  is  dark,  coarsely  crystalline,  and 
allied  to  the  diorytes  (Nos.  651  and  652.)  This  ridge  runs  E.  and  W. 
nearly  on  the  north  side  of  the  trail,  and  rises  about  two  hundred  feet. 

On  the  line  between  Sees.  15  and  22,  in  town  6.S,  2  E.  the  country 
rock  is  the  **red  granite,**  but  there  are  occasional  patches  of  igneous 
rock;  and  also  some  traces  of  drift,  shown  by  pieces  of  the  quartzj'te 
and  slate,  and  by  occasional  boulders  of  syenite.  The  surface  is  gen- 
erally moss-covered  and  wet.  At  the  crossing  of  the  Greenwood  river, 
the  boulders  are  nearly  all  of  the  '*red  granite."  Following  the  line 
further  east,  to  the  little  lake  on  Sec.  13,  at  the  crossing  of  the  stream, 
the  rock  is  of  the  dioritic  kind,  coarsely  crystalline,  but  there  are  a 
good  many  boulders  of  **red  granite"  and  of  slate 

At  the  crossing  of  the  town  line,  which  is  on  high  land,  is  consider- 
able good  pine,  perhaps  200,000  per  forty  on  either  side  of  the  trail. 
The  rock  underlying  is — 

660.  A  gray  dioryte,  porphyritic,  belonging  to  the  same  class  of 
rocks  as  651  and  652.  The  **red  rock"  seems  to  have  continued  along 
the  line  of  the  trail,  as  far  east  as  to  one-half  mile  west  of  the  town 
line.  East  of  that  the  country  seems  to  have  been  in  the  next  underly- 
ing beds  as  far  as  to — 

661.  One  mile  east  of  the  town  line  (S.  E.  cor.  Sec.  18,  T.  63, 3  E.) 
is  a  reddish  crystalline  rock  in  place,  and  this  continues  east  two  miles 
from  the  town  line, 

662.  The  countrj'  seems  to  have  considerable  drift,  often  of  clay, 
and  does  not  show  the  underlying  rock.  The  surface  is  nearly  flat* 
This  fine-grained  porphyry  is  allied  to  No.  657  and  is  from  S.  W.  i 
Sec.  14. 

663.  S.  W.  i  Sec.  19,  T.  63,  4  E,  on  McFarland's  trail.  Here  is 
a  short  E.  and  W.  ridge,  rising  about  fifteen  feet,  in  which  the  rock  is 
the  stellar  porphyry  seen  in  pebbles  on  the  lake  shore.  It  is  fine- 
grained and  brown,  but  is  beautifully  set  with  intersecting  tabular 
crystals  of  flesh-colored  feldspar.  The  mass  of  the  rock  is  made  up  of 
minute  tabular  crystals  of  a  feldspar  and  opacite,  with  a  few  grains  of 
chlorite,  and  very  rarely  a  minute  grain  of  quartz. 

In  about  N.  E.  i  Sec.  30,  T.  63,  4  E.  is  another  low  ridge,  but  made 
of  a  different  rock,  being  of  a  coarse  porphyritic  diorj'te,  like  some  al- 
ready numbered. 

The  height  of  land  back  of  Horseshoe  bay,  three  and  a  half  miles 
from  Lake  Superior  is  960  feet  above  the  lake. 

664.  At  a  little  more  than  two  miles  from  Horseshoe  bay,  appears 


STATE  GEOLOGIST.  71 

a  diorite  rock,  in  a  ridge,  made  up  almost  entirely  of  feldspar  and 
hornblende.  A  beach  line  is  distinctly  marked  back  of  Horseshoe  bay 
fifty  feet  above  Lake  Superior. 

Passing  up  the  hill  back  of  Grand  Marais,  on  what  is  known  as  the 
"Iron  Trail/'  the  hill  is  found  by  aneroid  to  be  1,063  feet  where  the 
trail  passes  over  it,  or  278  feet  higher  than  where  the  Rove  lake  trail 
passes  the  summit.  This  is  about  one  and  one-half  miles  from  the 
lake  shore.  The  surface  descends  eighty-seven  feet  in  passing  north- 
ward to  the  level  of  the  water  in  the  south  branch  of  the  Devil's  Track 
river. 

The  rock  is  mostly  hid  on  this  hill  by  drift,  some  of  it  being  clay  on 
the  top,  but  in  the  southward  slope,  where  the  face  is  most  precipitious, 
the  rock  is  exposed. 

665.  Rock  from  the  Grand  Marais  hill,  eight  hundred  feet  above 
Lake  Superior,  having  a  face  seventy -five  feet  high  toward  the  south. 
Rather  fine-grained  trap,  reddish  brown,  evidently  an  igneous  rock. 
The  top  of  this  hill  seems  to  consist  of  this  rock,  but  toward  the  base, 
on  the  south  side,  the  red  rock  that  forms  the  beach  at  Grand  Marais 
is  so  abundant  in  old  tree-roots,  thrown  up  by  the  wind,  that  it  is  un- 
questionably in  place  there,  though  so  covered  by  its  own  debris  that 
it  cannot  be  seen  in  situ. 

The  level  of  the  general  surface  does  not  fall  away  again,  after 
reaching  the  top  of  the  hill,  more  than  thirty  or  forty  feet,  when  it 
becomes  a  swamp  of  spruce  and  tamarack,  with  the  usual  covering  of 
coarse  Caribou  mosses.  Passing  over  the  swamp,  (about  three-fourths 
of  a  mile)  a  slight  ascent  begins,  rising  again  to  about  the  level  of  the 
first  hill.  After  a  short  distance  of  dry  land  the  surface  descends 
rather  abruptly  to  the  south  beach  of  the  Devil's  Track  river,  which  i* 
eighty -seven  feet  lower  than  the  top  of  Mayhew's  hill.  No  more  rock 
is  seen  to  this  place,  and  here  can  be  seen  only  boulders.  The  lake 
from  which  the  south  beach  flows  is  thirty -nine  feet  higher  than  the 
river  where  the  trail  crosses  it. 

666.  **Red  rock,"  with  small  glassy  crystals  like  quartz,  from  the 
N.  E.  side  of  the  lake  from  which  the  south  beach  of  the  Devil's 
Track  flows.  Many  loose  pieces  are  seen,  but  none  is  to  be  seen  in 
place,  the  country  being  drift-covered.  Devil's  Track  lake  is  forty- 
nine  feet  above  South  Branch  lake,  or  1,064  feet  above  Lake  Superior. 
No  rock  in  aitu  appears  between  the  perpendicular  escarpment  of  the 
Grand  Marais  hill  and  Devil's  Track  lake,  so  far  as  can  be  seen  along 
ihe  **Iron  Trail,"  which  strikes  the  lake  on  the  south  shore  one-fourth 
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mile  east  of  the  fourth  meridian.  The  beach  here  shows  no  rock,  in 
sitUy  but  is  composed  entirely  of  small  angular  pieces  of — 

667,  which  is  evidently  the  rock  of  the  country',  on  account  of  its 
abundance,  and  the  fresh  angles  of  the  outside.  It  is  reddish -brown, 
compact,  rather  fine-grained,  but  porphyritic  with  flesh-red  feldspar  of 
the  color  of  the  moss.  In  the  interior  are  seen,  on  fracture,  green 
specks  probably  due  to  changed  hornblende.  On  the  surface  these 
weather  out.  making  a  pitted  exterior.  It  also  contains  free  quartz, 
making  it  the  equivalent  of  the  red  syenite  associated  with  No.  1  at 
Duluth. 

The  divide  N.  of  Devil's  Track  lake  is  1167  feet  above  Lake  Su- 
perior. The  swamp,  which  is  one  and  one-fourth  miles  on  the  portage 
from  Devil's  Track  lake  to  Tamarack  lake  is  1152  feet  above  Lake  Su' 
perior.  About  one-half  mile  N.  of  Devil's  Track  lake  the  trail  crosses 
the  fourth  meridian,  and  continues  in  a  general  N.  N.  W.  direction  to 
Tamarack  lake.     The  country  about  is  not  hilly,  but  rises  perhaps 

• 

thirty  or  fifty  feet  above  these  lakes.  Tamarack  lake  is  1132  feet  over 
Lake  Superior.  The  Devil's  Track  rivers  enters  it  from  the  N.  E.  and 
a  short  distance  above  the  lake  the  country  becomes  a  vast  swamp  of 
tamarack  and  spruce.  In  the  swamp  are  occasional  dry  knolls  of 
gravelly  clay  and  waterworn  drift,  but  in  general  throughout  the 
swamp  the  surface  is  covered  with  a  thick  coating  of  dififerent  caribon 
mosses.  The  knolls  sometimes  spread  out  indefinitely,  rising  four  or 
five  feet  above  the  swamp,  making  a  small  flat  area  of  the  same  charac- 
ters as  the  knolls.  There  is  no  rock  in  place.  The  country  is  covered 
with  drift.     These  knolls  are  of  drift. 

The  agricultural  character  and  value  of  this  swamp  are  likely  to  be 
mistaken.  It  seems  that  in  all  parts  of  this  district,  wherever  the  sur- 
face is  nearly  flat,  and  the  nature  of  the  underlying  rock  is  not  such  as 
to  allow  easy  and  rapid  escape  of  the  surface  waters,  a  swamp  of  tam- 
arack and  spruce  (or  perhaps  in  a  stony  area,  of  white  cedar)  inevit- 
ably supervenes;  the  easily  drained  hilly  tracts,  which  perhaps  are  so 
stony  and  rocky  as  not  to  be  arable,  are  apparently  better  for  farming, 
and  are  now  cove'red  with  fine  timber.  A  settler  would  naturally 
select  these  uplands,  whereas  really  the  low  lands  are  furnished  with  the 
better  soil,  and  are  freer  from  stones.  This  covering  of  the  uplands 
with  a  more  or  less  hardy  and  stunted  evergreen  forest,  somewhat 
sparse,  is  characteristic  of  high  northern  latitudes,  and  here  seems  to 
be  due  to  the  severe,  but  moist  climate  which  prevails. 

Owl  lake  is  about  twelve  feet  higher  than  Devil's  Track  lake,  or 
1,148  above  Lake  Superior. 
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668.  About  one-third  way  across  the  portage  from  Owl  lake  to 
Little  Pine  lake,  are  low  rocky  mounds  and  ridges,  twenty -five  to  sixty 
feet  high,  covered  with  pine.  These  ridges  consist  of  this  rock,  a  red 
syenite,  with  green  specks  and  red  feldspathic  crystalline  surfaces  like 
several  other  samples  obtained  in  this  region. 

The  kind  of  country  described  north  of  Tamarack  Lake,  does  not 
continue  through  to  Little  Pine  Lake,  but  in  a  short  distance  lindens 
appear  in  the  forest,  then  white  pine,  hazel,  mountain  ash,  &c.,  while 
tamarack  and  spruce  gradually  disappear,  the  balance  continuing  to  be 
interspersed  even  among  the  pines  and  in  the  uplands.  Pretty  soon 
the  forest  is  nine-tenths  white  pine,  the  rest  being  composed  of  white 
birch,  Norway  pine,  balsam.  Mountain  ash  and  Mountain  maple,  at  the 
same  time  that  the  level  ol  the  country  is  elevated  to  100  and  150  feet 
above  the  adjoining  lakes,  and  is  rolling  and  hilly,  with  frequent  large 
boulders  and  occasional  exposures  of  the  underlying  rock  (668).  The 
soil  is  coarse  and  stony,  with  boulders  of  light  syenite  and  many  of  red 
syenite  from  the  rock  of  the  country.  It  is  a  rusty,  loamy  clay,  that 
seems  to  be  the  direct  result  of  the  disintegration  of  the  stones  of  the 
drift,  changed  by  the  action  of  vegetation. 

669.  Ts  from  what  appears  to  be  a  dyke,  about  half  way  between 
Owl  Lake  and  Little  Pine  Lake,  though  the  exposure  is  not  sufficient 
to  show  whether  a  dyke  or  not.  There  is  a  perpendicular  wall  ex- 
posed, running  N.  and  S.  near  the  trail,  on  the  east  side,  extending 
about  25  feet  and  rising  five  feet,  sinking  down  to  the  general  level 
on  either  side,  facing  west.  There  is  in  it  a  jointage  that  weathers 
out  in  perpendicular  bands  or  basaltic  layers,  that  run  E.  and  W.  from 
one  inch  to  three  or  four  inches  in  thickness,  very  much  like  dykes 
seen  on  the  shore  of  Lake  Superior.  There  is  also  a  blind  ridge  or 
elevation  running  east,  through  the  woods,  of  about  the  same  height, 
but  showing  no  rock  as  far  as  traced.  Toward  the  west,  after  a  low 
gap  of  about  40  feet,  the  surface  rises  gradually  to  about  eight  feet, 
and  in  the  top  is  the  same  rock;  but  it  abruptly  sinks  away  into  a  val- 
ley, while  toward  the  N.  W.  is  a  considerable  elevation  or  ridge  cov- 
ered with  pine  and  containing  the  red  granite  No.  668.  No.  669  seems 
to  be  a  dyke  cutting  the  red  rock,  and  perhaps  breaking  through  it  in 
a  number  of  other  places.  It  is,  indeed,  one  of  the  causes  of  the  **red 
granite*'  which  all  of  the  time  is  supposed  to  be  due  to  complete  fusion 
and  change  of  the  **Palisade  rock,*'  and  that  to  a  feebler  application 
of  the  same  force  to  the  red  shales  and  sands  of  the  Potsdam  seen  in 
the  St.  Louis  river  at  Fond  du  Lac.  No.  669  is  apparently  what  Prof. 
Piimpelly  has  described   as  a  mefaphyrr—B,  dark  homogeneous  trap, 
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globuliferous-weathering,  and  sometimes  showing  in  the  sunlight  large 
reflecting  crystalline,  surfaces  in  the  mass  of  the  rock,  due  to  crystals 
of  pyroxene  that  embrace  all  the  other  minerals. 

A  short  distance  north  of  the  divide  between  Owl  and  Little  Pine 
Lakes,  on  the  north  slope,  the  red  rock,  which  is  laid  bare  by  the 
overthrow  of  a  large  pine  by  a  late  cyclone,  shows  a  smooth  glacia- 
tion,  but  no  prevailing  direction  can  be  distinguished. 

Little  Pine  Lake,  which  is  1,154  feet  above  Lake  Superior  by  rough 
aneroid  observations,  has  no  rock  visible  about  its  shores,  but  under 
the  water  near  the  shore  can  be  seen  everywhere  sub-angular  pieces 
of  the  red  syenite  like  No.  668.  In  making  the  portage  from  Little 
Pine  Lake  to  Clubfoot  Lake,  which  is  1,173  feet  above  Lake  Superior, 
there  is  a  small  exposure  of  the  red  granite  seen  on  the  trail,  but  else- 
where the  rock  is  either  hid,  or  is  of  boulders.  About  the  S.*and  W. 
end  of  Little  Pine  Lake  are  numerous  foreign  boulders.  The  same'ds 
true  of  the  S.  and  E.  shores  of  Clubfoot  Lake. 

Round  Lake  is  1,208  feet  above  Lake  Superior,  and  Abita  Lake  is 
1,349  feet. 

670.  From  onc-fouth  mile  S.  of  Lake  Abita,  in  the  large  hill  over 
which  the  trail  passes,  apparently  a  dioryte,  consisting  largely  of  horn- 
blende. 

671.  "Red  granite,''  from  the  hill  near  the  south  shore  of  Lake 
Abita,  but  not  certainly  in  place.  The  hill  rises  about  225  feet  above 
Lake  Abita  and  1,574  feet  above  Lake  Superior,  and  is  separated  from 
the  hill  from  which  No.  670  comes  by  a  dry  valley,  but  which  has  a 
creek  in  wet  seasons. 

672.  The  same  hill  which  furnishes  No.  671  near  the  lake  is  made 
up  of  this  rock  toward  the  top,  being  a  coarse  dioryte.  In  what  man- 
ner this  is  related  to  No.  671  does  not  readily  appear.  There  can  be 
seen  large  blocks  of  this,  and  some  small  mural  faces,  along  the  north 
side  of  the  hill,  but  in  general  everything  is  hid  by  turf,  forest  and 
mosses.  There  is  but  little  doubt,  however,  but  these  blocks  are  not 
far  removed  from  their  natural  places. 

The  lakes  of  Brul6  river,  north  from  BruU'  Mt.,  are  955  feet  above 
Lake  Superior,  by  aneroid,  and  Brul^  Mt.  in  its  highest  part  is  1,461 
feet  above  Lake  Superior.  Brule  Mt.  does  not  appear  like  a  mountain 
from  the  south,  rising  but  3i)  feet  above  Lake  Abita,  but  from  the 
north  it  is  very  prominent  as  an  isolated  hill  that  rises  506  feet  above 
the  river  flowing  along  its  northern  base. 

673.  *'Red  granite,"  top  of  Brul6  Mt.  and  the  rock  is  not  well  seen 
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hi  situ.     Almost  no  rock  but  the  red  granite  is  seen  along  the  trail 
from  Lake  A  bit  a  to — 

674.  a  rather  fine-grained  deposit,  with  quartz,  which  occurs  on  the 
north  face  of  Brule  Mt.,  forming  a  perpendicular  wall  about  20  feet 
high,  but  is  only  seen  (so  far  as  examined;  a  little  east  of  but  near  the 
trail.  It  is  240  feet  below  the  top  of  the  mountain,  and  makes  a  more 
or  less  continuous  jog  or  shoulder.  Very  few  red  pieces  are  to  be  seen 
north  of  this  shoulder,  but  south  of  it  they  make  nine-tenths  of  all  the 
stones.  Occasionally  light-colored  gneiss  and  granite  are  seen,  and 
rarely  a  piece  of  siliceous  slate,  so  that  it  seems  as  if  here  were  the 
northern  boundary  of  the  red  granite  (V.  No.  6S5). 

675.  In  the  northern  face  of  Brul6  Mt.,  300  feet  below  the  top 
about  south  from  the  east  end  of  the  westerly  lake  in  BruM  river.  This 
reddish  granitoid  rock  forms  a  perpendicular  wall  of  60  feet  in  height. 
This  contains  much  hornblende,  thus  causing  it  to  approach  the  min- 
eral characters  of  the  dioryte  No.  674. 

676.  At  a  lower  level  another  perpendicular  wall  of  rock  is  found 
on  the  north  side,  a  little  to  the  west  of  the  section  line  between  sec- 
tions 16  and  17,  rising  about  78  feet.  This  rock  resembles  the  rock 
No.  674,  but  the  bluff  cannot  be  said  to  consist  entirely  of  this.  An- 
other exposure  of  rock  like  No.  676  is  at  the  water  level,  on  the  north 
side  of  the  lake  mentioned.  It  runs  under  the  lake,  sloping  south, 
and  is,  like  No.  676,  deeply  disintegrated. 

The  top  of  Brule  Mt.  is  rounded  and  torest-covered,  the  ascent  in 
all  directions  being  very  gi-adual,  but  most  abrupt  from  the  north. 
The  only  rock  seen  is  ])oulders,  generally  of  dior^'te.  The  highest 
point  is  about  one-eight  mile  east  of  the  section  corner  (17,  16,  20,  21, 
in  T.  63  N.  R.  1  W.)  and  one-sixteenth  of  a  mile  south.  From  this 
place  no  higher  land  can  be  seen  toward  the  east,  but  there  is  a  high 
peak  toward  the  S.  W.  six  or  eight  miles,  supposed  to  be  Eagle  Mt.,  a 
very  high  range  visible  a  few  miles  north,  afterward  learned  to  be  the 
Misquah  Hills,  and  other  hills  to  the  west.  About  north  of  the  peak 
thought  to  be  Eagle  Mt.,  is  a  high  square-cut  hill,  like  one  of  the  Saw- 
teeth hills;  but  toward  the  S.  E.  is  low,  flat  ground,  probably  the 
course  of  the  Brule  valley*. 

On  the  next  portage  northward  from  the  Brul6  river  the  country  is  a 
swamp,  with  occasional  low  knolls,  or  short  ridges,  the  whole  covered 
with  tamarack  and  spruce,  and  the  lower  parts  being  very  stony,  simi- 
lar to  the  St.  Louis  vallev  from  N.  Pacific  Junction  northward  to 


*8oineofthefte  partiGulnrM  wrre  obtained  of  my  man  Mallmaun  who  climbed  a  '*Jack  pine'*  eighty 
feet  high,  growing  on  the  top  or  the  niountnio,  and  ft'om  It  devcnbed  the  t>arronndlng  country. 
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Knife  Falls,  and  similar  to  many  swamps  in  this  northern  part  of  the 
State,  the  most  of  the  stones  here  being  of  the  rock  Xo.  676,  but  with 
a  sprinkling  of  red  granite,  as  if  there  were  still  rock  of  that  kind  in 
place  further  north.  Some  of  the  boulders  are  banded  with  magnetite. 
At  about  half  way  to  Little  Trout  Lake  the  boulders  of  red  granite 
constitute  about  half  of  all. 

677.  A  short  distance  further  north  a  hill  rises  on  the  east  of  the 
trail,  but  near  it,  (about  100  feet),  consisting  of  the  rock  of  this  num- 
ber— a  very  fine-grained  basalt,  nearly  black,  compact.  In  thin  sec- 
tion this  shows  a  multitude  of  similar  polarizing,  rounded  small  crys- 
talline grains  dispersed  through  a  ground-mass  of  uniform  character 
that  is  apparently  semi-crystalline  with  scattered  cubes  of  magnetite. 
This  would  seem  to  mike  it  a  crysolite  basalt. 

But  in  following  the  trail  it  passes  over  this  hill-range,  which  is 
only  part  of  a  generally  hilly  tract  surrounding  the  Little  lake,  next 
on  the  trail,  the  lake  itself  being  244  feet  above  the  Brule  river.  These 
hills  are  not  large,  rising  about  200  feet,  but  the  countrj^  is  what  may 
be  styled  hilly.  The  rock  constituting  them  is  of  the  same  kind  as 
No.  676,  and  of  the  **red  granite;''  large  masses  of  the  former,  and 
many  small  pieces  of  the  latter,  being  strewn  about. 

This  hill  extends  to  the  Little  lake,  and  along  the  S.  E  side,  where 
the  superposition  of  the  strata  can  be  made  out  in  descending  order, 
the  highest  stratum  being  of  the  ** red  granite.'*  Thus:  (with  a  dip 
10  deg  S  W.) 

Red  granite  (not  actually  seen  in  place.) 

No.  678,  in  a  regular  bed  of  the  thickness  of 15  ft. 

No.  676,  porphyry  with  red  feldspar 4  ft. 

No.  679 A.  porphyry  with  gray  feldspar 8  ft. 

No  680.     Fine  bedded,  crumbling,  seen 18  ft* 

The  foregoing  does  not  include  all  the  strata,  some  being  invisible 
both  at  the  top  and  at  the  bottom.  These  strata  seem  to  belong  to 
the  formation  of  the  great  slate  and  quartzyte  range,  underlying  the 
cupiferous,  as  developed  at  Grand  Portage  and  along  the  boundary 
line,  but  here  uiore  metamorphosed. 

678.  is  a  dark  (pyroxenic  ?)  rock,  with  no  apparent  feldspar.  Frag- 
ments of  a  rock  like  this  were  seen  on  the  top  of  Brul6  Mt ,  evidently 
carried  there  b}'  the  drift  movements,  and  could  not  be  referred  to 
their  stratigraphic  position.     (V.  6S4  ) 

679.  Finely  porphyritic  with  red  feldspar,  the  ground  mass  being 
like  the  rock  No.  678. 

679 A.     The  same  as  the  last,  with  gray  feldspar  crystals. 
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680.  A  fine-grained,  dark  rook  por])hyroidally  spriuked  with  feld- 
spar of  a  flesh-red  color.  While  this  is  in  heavy  beds  in  the  stratifica- 
tion, it  has  a  fine,  rudely  basaltic,  disintegration,  due  to  a  structure  of 
short  joints  and  cross-planes,  mainly  perpendicular  to  the  dip,  by 
which  it  crumbles  out  so  rapidly  that  it  is  not  easy  to  get  a  fresh  frac- 
ture. It  is  one  of  the  shaly  sedimentary'  parts  of  the  so-called  Ani- 
mikie  Group. 

Little  lake  is  1,199  feet  above  Lake  Superior,  and  about  200  feet  be- 
low the  surrounding  hills.  Little  Trout  lake  is  1,272  feet  above  Lake 
Superior,  being  the  highest  on  the  Iron  Trail  in  the  traverse  from  Lake 
Superior  to  the  ])oundary  line. 

The  hill  at  the  right  of  the  portage  from  Little  lake  to  Little  Trout 
lake  Ls  made  up  of  the  numbers  681,  682  and  683  is  downward  order, 
with  the  thickness  stated  below :  dip  20°  S.  E. 

681.  (seen  twenty  feet,  may  have  more  above.)  A  very  fine,  black 
rock,  approaching  aphanitic  slate. 

682.  (35  feet  )  P()ri)hyry,  both  with  red  and  with  gray  feldspar 
crystals.  This  is  a  part  of  the  great  formation  lying  below  the  cupri- 
ferous, already  mentioned,  and  is  in  beds  of  an  inch,  where  weathered, 
or  in  heavy  layers  of  five  or  six  feet.  The  ground  mass  seems  to  be 
the  rock  No.  678.  The  red  color  seems  to  come  from  weathering,  the 
original  color  being  gray.  This  is  shown  in  one  of  the  small  samples. 
It  has  free  quartz. 

683.  (20  feet;  there  is  a  talus  below  of  fifty  feet  in  which  the  rock 
is  unknown  )  A  fine-grained  heavy  dark  rock,  apparently  consisting 
oi  triclinic  feldspar  and  diallage  with  a  little  uralite  and  magnetite. 

684.  Further  north  is  a  layer  of  four  feet  of  a  fine  black  rock,  evi- 
dently crystalline,  somewhat  like  No.  678  or  683,  included  between 
some  of  the  beds  of  the  foregoing  porphyry,  near  the  bottom  of  the 
same. 

From  Little  Trout  lake  to  MLsquah  lake  is  a  descent  of  fifteen  feet. 

685.  Reddish-brown  rock  weathering  red,  with  red  feldspar  cr}-s- 
tals.  This  rock  makes  the  Misquah  Hills  in  the  S.  W.  part  of  T.  64, 
1  W.  It  is  rudely  and  coarsely  basaltic,  the  columns  being  peri)en- 
dicular  to  a  S.  or  S.  E.  dip.  This  number  is  from  near  the  trail  about 
a  mile  south  of  Misquah  lake,  near  the  town  line  between  63  and  64, 
on  Sec.  32,  where  a  thickness  of  fifty  feet  can  be  seen.  It  is  bedded  as 
well  as  basaltic,  and  in  weathering  sometimes  shows  laminae  of  one- 
fourth  and  one-half  inch.  It  is  undistinguishable  from  the  rock  fre- 
quently called  red  granite  in  these  descriptions,  but  its  geographical 
position  seems  to  place  it  in  a  lower  horizon.     There  may,  however, 
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be  several  faulted  upheavals  of  the  same  horizon,  so  that  in  going 
north  one  does  not  invariably  pass  on  to  lower  beds,  but  sometimes 
from  lower  to  higher. 

Misquah  lake*  is  flanked  on  the  N.E.  and  E.  by  high  briek-red  hills. 
Some  of  them  being  500  or  600  feet  high.  The  trees,  being  nearly  all 
fire-killed,  and  even  consumed,  allow  a  i^erfect  view  of  the  rock.  It  is 
the  same  as  685. 

6S6.  '*Red  granite"  from  the  east  of  Misquah  lake,  Sec.  32,  T.  64, 
1  W.  This  rock  is  basaltified  and  massive,  rising  in  mountain-like 
masses.     It  dips  at  a  high  angle  toward  the  east. 

687.  The  same  rock  as  the  last,  brecciated  or  scorified,  though  still 
weathering  brick-red. 

These  mountains  are  mainly  to  the  east  of  the  trail  and  so  far  as 
can  be  seen  they  are  formed  wholly  of  this  red  rock. 

There  is  much  drift  in  the  form  of  large  boulders  along  the  lake  ward 
side  of  these  red  hills,  particularly'  near  the  lake  where  the  trail  goes- 
These  large  pieces  are  of  dioryte,  often  magnetited,  and  porphyry  like 
No.  682,  or  dark  rock  like  681,  with  many  pieces  of  siliceous  slate  and 
gray  quart zyte. 

688.  The  character  of  the  rock,  and  of  the  country,  changes  at 
once  on  entering  Cross  lake,  which  is  thirty  feet  l)elow  Misquah  lake. 
The  rock  when  first  seen  is  at  the  right  of  the  entrance,  and  is  mixed 
and  irregular  in  structure,  as  if  it  had  })een  a  conglomerate  originally. 
In  general  it  is  porphyritic  with  gray  feldspar  and  has  a  little  quartz, 
but  the  ground-mass,  which  seems  to  be  the  rock  No.  678,  varies 
greatly  in  its  prevalence  over  the  feldspar — also  the  size  of  the  feldspar 
crystals  varies.  Hence  the  outward  aspect  of  the  weathered  surface  is 
spotted  with  dark  and  light  colors,  the  feldspathie  parts  (and  particu- 
larly the  coarser-grained)  becoming  white,  or  nearly  so,  the  rest  being 
darker,  or  with  fine  mixture  of  dark  and  light.  This  rock  has  a  basal, 
tic  structure,  and  a  very  heavy  bedding,  the  latter  dipping  south,  and 
the  basaltic  structure  being  perpendicular  to  the  dip.  (V.  701  and  702.) 

Cross  lake  is  a  large  lake,  expanding  in  finger-shaped  elongations 
east,  west  and  southwest,  and  having  several  rock  islands,  as  well  as 
north  and  south.  This  lake  and  Misquah  lake  are  tributary'  to  the 
North  Brul6  river.  The  shores  and  the  islands  of  Cross  lake  are  low, 
made  of  the  next  numbered  rock. 

689.  Similar  to  No.  688,  but  more  uniforju  in  structure.  Evidently 
a  gray  dior^^te,  from  the  same  formation  as  that,  and  much  like  the 
rock  682. 

•Sn  cn11e<l  frnm  the  '  hipp«na  wonl  meaning  red^  in  allusion  to  the  ret!  wal  s  by  which  It  Is  enc^oMd 
along  its  eunt  shoreH. 
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The  lake  through  which  the  North  Brule  flows,  next  north  of  Cross 
lake,  is  surrounded  by  a  similar  low  eountrv,  and  has  the  same  rock  as 
No.  689.  This  also  has  many  arms  and  bays  running  west,  and  from 
one  of  them  is  a  canoe  trail  and  portage  to  **Brul6  river  lake,'*  which 
gives  source  to  the  South  Brul^  and  to  Temperance  rivers. 

Cariboo  lake  is  1,238  feet  above  Lake  Superior,  and  twenty -two  feet 
higher  than  North  Brule  lake.  Its  shores  are  low,  mainly  of  bare  rock 
like  689,  which  however,  rises  in  some  i)laces  from  ten  to  fifteen  feet. 
The  timber  is  lire-killed,  or  consists  of  a  second  growth  of  small  trees 
ten  to  twenty  feet  high.  Between  this  and  Poplar  lake  is  Little  lake, 
three  feet  higher  than  Cariboo  lake. 

690.  Near  Little  lake,  at  the  north  end  of  the.  portage,  is  a  bare 
dome  of  rock,  rising  in  the  swamp  about  twenty  feet,  represented  by 
this  number.  It  is  dark-colored,  hard  and  fine-grained.  It  is  not 
bedded,  nor  visi))ly  basaltic,  but  all  over  the  rounded  exterior  are 
polygonal  spaces,  marked  out  and  included  by  bands  of  harder  rock 
that  rise  as  low  ridges  al)0ve  the  surface,  fitting  exactly  to  each  other. 
This  rock  under  the  microscope  shows  its  igneous  origin  by  its  com- 
position which  is  plagioclase,  augite  and  magnetite.  It  also  seems  to 
hold  an  occasional  grain  of  quartz. 

691.  (xabbro,  consisting  of  plagioclase  (assumed  to  be  labradorite), 
diallage  and  magnetite;  related  to  the  last.  This  is  a  sample  of  the 
usual  '*trap''  of  the  country.  It  weathers  light,  and  is  in  that  way  in 
marked  contrast  with  the  last,  though  that  difference  seems  to  be  due 
solely  to  the  greater  proportionate  amount  of  feldspar  in  this,  and  of 
augite  in  that.  Tliis  occurs  in  patches  on  and  in  the  last,  and  es- 
pecially on  the  north  side.  It  also  seems  to  cross  and  cut  it  in  vanish^ 
ing  veins. 

692.  Gabbro,  like  the  last;  this  forms  a  series  of  bluffs  along  the 
south  shore  of  Little  lake,  of  about  the  same  hight  and  form  as  the 
last  described,  but  the  rock  is  rather  finer-grained  than  much  of  the 
trap  of  the  country.  Tliis  makes  a  low  hill-range  along  the  south  side 
of  the  lake. 

Poplar  lake  is  1,221  feet  above  Lake  Superior.  The  rock  the  whole 
length  of  Poplar  lake  is  the  same  as  692. 

693.  Gabbro;  from  the  west  end  of  Poplar  lake,  where  the  portage 
trail  leaves  it  going  to  Duck  lake.  It  rises  about  twenty  feet  above 
the  water  all  about,  in  undulating  domes,  rounded  as  by  glaciation, 
though  no  glacial  marks  can  be  seen.  The  country-  is  burnt;  a  few 
foreign  boulders  are  strewn  over  the  bare  rock  surfaces. 

Duck  lake,  by  aneroid,  is  found  to  be  1,244  feet  above  Lake  Superior, 
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and  Portage  lake  1,234  feet.  Where  the  trail  reaches  Portage  lake  is 
a  low  upheaval  of  rock  like  No.  693.  The  country  generally  is  made 
of  this  rock,  nearly  bare.  It  contains  in  some  places  considerable 
magnetite.     Mayhew  lake  is  1,213  feet  above  Lake  Superior. 

The  same  rock  as  693,  or  some  slight  variation  from  it,  continues  to 
the  entrance  on  Mayhew  lake  (or  Iron  lake),  with  increasing  fre- 
quency of  drift  pieces  of  flinty  quartzyte  and  slaty  quartzyte.  The 
trap  is  more  magnetited  in  places,  but,  except  in  that  particular  no 
change  can  be  seen. 

694.  Qabbro,  with  much  magnetite;  a  little  east  of  the  section 
line,  between  sections  32  and  33,  on  the  south  shore  of  Mayhew  lake 
(or  Iron  lake.)  The  rock  here  is  in  even  and  continuous  beds,  that 
dip  regularly  to  the  south,  like  the  quartzyte  and  trap  of  the  country, 
undulating  a  little  up  and  down.  This  is  seen  in  many  places.  It 
occurs  also  on  the  south  shore  of  Portage  lake.  The  beds  vary  from 
four  inches  to  twelve  inches  in  thickness,  and  show  weather-stripes  on 
the  exterior,  due  to  varying  composition,  something  like  a  sedimentary 
rock.  (V.  No.  814.)  They  suggest  the  query  whether  this  trap  may 
not  be  due  to  a  change,  in  loco,  of  the  early  sedimentary  rocks.  The 
great  extent,  the  constant  dip,  and  this  regularity  of  bedding,  and  its 
thinness,  all  coincide  to  point  to  that  as  its  origin,  rather  than  to  the 
overflow  of  molten  matter  over  so  extensive  a  region.  The  mineral 
composition,  however,  is  constant,  and  allies  it  to  the  igneous  rocks 
of  the  *'gabbro  range"  which  graduate  into  the  trap  rocks  of  the  Cu- 
priferous. It  seems,  however,  that  there  was  a  vast  outflow  of  igneous 
rock  in  the  midst  of  the  era  of  the  quartzyte  and  slate  group,  produc- 
ing this  area  of  the  **gabbro  range,"  and  separating  the  lower  portion 
from  the  eras  of  the  porphyries,  and  the  red  shale  and  red  sandstone 
which  are  characteristic  of  the  cupriferous  formation  proper.  There 
are  some  reasons  for  believing  that  this  great  igneous  outflow  entered 
the  sedimentaries  as  "laccolites"  in  many  places,  and  thus  tilted  and 
modified  the  overlying  beds,  instead  of  being  produced  prior  to  their 
deposition. 

695.  Magnetic  ore,  S.  E.  i  Sec.  36,  T.  65,  R.  3  W.  on  the  north 
shore  of  Mayhew  lake  (also  known  as  Iron  lake.)  This  rock  is  a  con- 
dition of  the  trap  of  the  country,  and  is  almost  entirely  made  up  of 
magnetite.  A  careful  study  of  this  location  warrants  the  following 
generalized  statements : 

(1st  )    The  ore  is  in  the  igneous  rock. 

(2nd.)  It  varies  in  quality  very  much,  even  passing  into  rock  that 
cannot  be  styled  iron  ore. 
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(3rd.)  It  involves  with  itself  nodules  of  coarse  gabbro  containing 
considerable  magnetite. 

696.  Sample  of  this  nodular  on  concretionary  rock  embraced  in  the 
iron  ore. 

(4th.)  It  also  embraces  isolated  pieces  of  ;gtay  quartzyte  (appar- 
ently), but  which  in  thin  section  are  seen  to  consist  of  plagioclase, 
magnetite  and  augite;  and  so^^'e  dark,  crystalline,  micaceous  nodules. 

697.  Samples   of  the  daA  and  micaceous  nodules."    These  dark 
,  masses  embrace  dark  labradarite  (?)  biotite,  haematite,  with  viridite. 

698,. '  Samples  of  what  appears  like  a  granular,  gray  quartzyte,  but 
whicn  really  consists  of  the  minerals  that  go  to  make  gabfcro.  This  is 
distributed  through  695  in  rounded  lumps  like  some  masses  of  No.  696. 
Some  masses  of  No.  698  are  very  large,  where  they  occur  on  the  north 
side  of  the  swamp. 

(5th.)  R  dips  toward  the  soulh  in  beds  whose  aggregate  thickness 
is  at  least  fifty  feet,  but  may  be  seventy -five  feet,  the  actual  amount 
being  hid  by  a  swamp. .    » 

(6th.)  It  involves  also  detached  mas|es'of  coarsely  crystalline 
gabbro  nearly  free  from  magnetite,  but  (k)maining  biotite.  • 

(7th.)  It  sometimes  gives  place  to  a  coarse  trap  of  the  same  kind 
-which  is  so  large  in  amount  as  to  constitute  the  rock  of  the  place,  and 
its  connection  with  the  ore  cannot  be  seeu. 

699.  Samples  of  this  coarse,  micaceous  trap. 

(8th.)  It  lies  on  a  fine-grained  rock  like  No.  698,  which  is  a  fine 
gabbro  with  chrysolite,  resembling  a  fine,«^anular,  gray  quartzyte. 
This  rock  dips,  ap  far  as  any  dip  is  discoveraole  toward  the  north,  and 
it  seems  to  have  furnished  the  rounded  masses  qf  No.  698  embraced  in 
ihe  iron  ore.  The  northward  dip  is  due  to  a  deceptive  appearance  of 
columns  of  basalt.  » 

700.  Samples  of  this  fine  chrj'solitic  gabbro.  This  rock  much  re- 
sembles the  chryrolite  basalt  No.  677. 

(9th.)    In  seams  and  gashes  in  No.  698,  the  rock  No.  699  is  also 

fomnd. 

(10th.)  The  iron  in  considerable,  but  unknown  quantity,  is  of  fine 
quality,  being  seen  in  other  places  besides  this  described.* 

West  from  this  iron  location,  after  passing  the  little  bay  running 
E.  N.  E.  the  north  shore  of  the  lake  is  made  up  of  No.  699,  which  ap- 
pears massive,  weathers  lighter  than  the  trap  usual  in  the  country,  and 

•This  iron  ore  constltatw  what  is  locally  known  ai  the  **Mayhew  Iron  Range/*  and  is  found  in  a  belt 
•boat  a  mile  wide  on  both  sides  of  Iron  lake,  and  on  the  south  side  of  Portage  lake,  and  between  Port- 
MB  ud  Poplar  lakes.  An  analysis  reported  by  Mr.  Hause.  performed  by  R.  S.  Robertson  of  Pittsbnrc^ 
Fa-  g»Te  the  fbllowing  resnlt:  Silica.  2  0*^;  Alomiua,  8.tt8;  Titanlam,  1S.09;  Sesqul  Chromiam,  2.10; 
flag.  ox.  Iron,  80.78;  Lime,  trace,  phos.  acid,  0.03. 

6 
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appears  like  the  **Rice  Point  Granite."  It  is  hard  and  finn,  and  rises 
in  domes  which  rarely  show  any  dip.  At  one-fourth  mile  west  of  the 
little  bay  it  is  broken  by  the  lake  and  ice  in  winter  and  over  a  small 
area  shows  both  a  horizontal  jointage,  and  one  which  has  more  the 
characters  of  dip  to  the  N.  45  degrees — the  latter  having  the  planes  of 
separation  at  varying  intervals  of  six  to  eighteen  inches,  and  marked 
also  by  a  lighter  weathering,  or  by  a  pinkish  stain  in  the  feldspar. 
This,  however,  may  be  the  remains  of  a  former  basaltic  structure. 

701.  .The  rock  last  mentioned,  resembling  the  "Rice  Point  Granite.*^ 
It  consists  largely  of  a  gray  feldspar,  is  firm  and  massive  and  rounded* 
It  also  has  diallage  and  magnetite,  with  occasional  scales  of  biotite. 

702  is  embraced  in  pockets  and  lumps  in  No.  701.  It  is  the  same 
rock,  but  with  much  coarser  crj' stale,  and  a  larger  per  cent,  of  diallage 
(V.  No.  688  and  No.  1  D.). 

703.  Sample  of  iron  ore  at  the  east  end  of  Pewabic  Island  contain- 
ing  all  the  ingredients  of  the  rock,  even  mica.  There  are  three  or 
four  other  islands  in  the  west  end  of  Iron  Lake.  The  iron  here  is 
plainly  embraced  in  the  rock  701,  which  is  also  the  same  as  No.  696; 
which  is  the  same  as  the  rock  styled  trap  or  gabbro  all  the  waj- 
from  the  south  side  of  Little  Lake.  This  rock  of  course  has  variations 
which  account  for  its  diflFerent  aspects,  but  in  all  these  it  does  not  de- 
part from  the  accepted  characteristics  of  an  igneous  rock.  Its  varia- 
tions are  included  within  the  range  of  mineral  associations  possible^ 
by  relative  changes,  in  plagioclase  (probably  labradorite),  chrysolite^ 
augite,  magnetite  and  it  has  as  accessories  biotite,  haematite  and  a 
green  mineral  that  may  be  derived  from  a  decomposition  of  the  augite. 
which  is  also  frequently  in  the  condition  of  diallage. 

About  a  mile  west  of  the  end  of  Mayhew  Lake,  on  the  town  line,  is 
an  isolated  knob  of  the  same  kind  of  iron  ore,  in  low  ground,  "30  links 
wide,  all  solid  iron,''  so  reported  by  Paul  Morrison. 

704.  South  of  the  little  island  crossed  by  the  E.  and  W,  town  line, 
in  Mayhew  Lake,  the  rock  is  highly  magnetited.  It  is  also  micaceous.. 
It  has  plainly  a  dip  to  the  south  of  about  25°.  The  jointage  here  is 
also  somewhat  like  the  apparent  dip  seen  on  the  north  shore  four  miles 
west  of  the  little  bay.  A  similar  deceptive  jointage  resembling  a  N. 
dip  is  to  be  seen  at  the  portage  to  Loon  Lake,  the  general  dip  being- 
to  the  south. 

705.  Appears  like  a  metamorphic  rock,  bedded  and  dipping  north 
about  45°  at  a  point  a  little  back  (N.)  from  the  shore,  a  short  distance 
west  of  Mayhew's  location,  which  underlies  the  iron -bearing  rock,  Hnd 
the  iron  ore,  and  has  been  styled  changed  quartzyte.    It  really  is  a 
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crystalline,  fine-grained  rock  which  has  hornblende  changed  to  viri- 
dite,  feldspar  and  magnetite,  and  its  apparent  northward  dip  is  due  to 
a  fine  basaltic  jointage  perpendicular  to  the  true  dip,  which  is  about 
the  same  in  degree  toward  the  south  (V.  No.  700).  No.  705  has  a 
visible  thickness  of  10  feet,  and  the  overlying  iron  rock  has  a  thick- 
ness of  about  20  feet. 

706.  Through  the  iron-rock  at  the  location  705  run  seams,  three  to 
six  inches  in  thickness,  of  pinkish  rock  consisting  of  quartz,  or- 
thoclase  and  hornblende,  in.  rather  fine  grains.  These  seams  and  veins 
are  parallel  with  the  basaltic  jointage  of  the  rock  No.  705.  Some- 
times a  i)inkish  shade  of  color  runs  into  the  trap,  accompanied  by 
quartz.  These  pinkish  I  eds  and  seams,  which  simulate  planes  of  bed- 
ding are  probably  due  to  contact  with  the  underlying  formation  and 
nfusion  from  it. 

707.  In  some  places  in  the  trap,  where  one  of  these  red  seams  passes 
through  it,  the  hornblende  which  accompanies  the  red  rock,  greatly 
predominates,  or  is  very  coarse,  and  sometimes  is  fibrous  and  radiat- 
ing, coating  the  walls  of  the  seam.  In  such  places  mica  also  can  be 
seen,  and  also,  mixed  with  the  fibrous  hornblende,  occasionally  a  crys- 
tal of  quartz. 

Nearly  everywhere  about  the  shores  of  Mayhew  Lake  the  rock  is 
trap,  or  gabbro,  but  generally  with  more  magetite  than  usual. 

708.  On  the  portage  north  from  Mayhew  Lake  to  Loon  Lake,  the 
rock  No.  705  first  appears,  with  a  southerly  dip.  Then,  after  a  low 
space  another  ridge  succeeds,  showing  the  rock  No.708,  similar,  if  not 
identical  with  No.  705.  This  belongs  to  the  great  quartzyte  and  slate 
formation,  or  the  **Animiki  group."  From  the  top  of  this  ridge  the 
descent  to  Loon  Lake  is  sudden,  and  amounts  to  150  or  175  feet 

709.  This  is  a  range  of  high  hills  along  the  south  side  of  Loon  Lake, 
and  between  the  bay  and  the  lake,  the  top  of  which  are  made  up  of 
rock  of  this  sample,  which  is  like  No.  708,  having  a  thickness  of  80  to 
90  feet.  This  has  the  outward  aspect  of  trap  and  perhaps  has  been 
designated  trap  in  former  instances,  but  it  is  to  be  distinguished  from 
the  igneous  rock  that  has  been  described.  Under  the  microscope  in 
thin-section  it  consists  of  a  triclinic  feldspar,  and  some  orthoclase, 
changed  (or  viriditic)  hornblende,  magnetite,  and  a  small  amount  of 
quartz — a  kind  of  dioryte.  Its  affinities  with  the  great  quartzyte  and 
slate  formation  are  evident,  and  it  seems  to  have  resulted  from  a  met- 
amorphism  of  the  upper  part  of  that  formation.  It  is  that  which  un- 
derlies the  iron-bearing  trap  of  Mayhew  Lake.  It  is  in  heavy  layers  4 
to  10  feet  thick,  and  has  a  coarse,  perpendicular  jointage  that  makes  it 
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appear  basaltic.  It  stands  in  perpendicular  escarpment  facing  north 
and  west,  making  the  tops  of  the  highest  hills.  It  probably  has  not 
everywhere  been  kept  distinct  from  the  true  igneous  rock  or  gabbro 
which  constitutes  a  heavy  stratum  lying  over  it  (V.  under  No.  300.) 
This  is  taken  from  the  hill  near  the  base  of  the  point  separating  the 
bay  from  Loon  Lake. 

710.  Dark,  homogeneous,  finely  crystalline,  heavy  rock  like  No. 
684,  underlying  No.  709  in  the  same  blufi*,  5  to  10  feet  in  thickness. 
This  is  in  beds  6  to  10  inches  thick. 

711  and  712.  The  rest  of  this  hill  is  made  up  of  alternations  of  these 
rocks,  altogether  making  a  thickness  of  100  to  125  feet,  down  to  the 
level  of  Loon  Lake.  The  former  constitutes  about  nine-tenths  of  the 
whole.  It  is  black,  and  grayish-black,  in  beds  from  4  to  40  inches, 
very  fine-grained,  sub-crystalline,  with  a  felted  polarization,  having 
a  conchoidal  structure.  The  latter  is  of  the  same  color  but  more 
coarsely  granular,  is  in  beds  of  1  to  3  inches,  and  is  slaty  in  the  direc- 
tion of  the  dip,  which  is  S.  and  10°  to  15°  in  amount,  but  in  other 
places  the  dip  amounts  to  20  degrees.  This  hill  is  only  one  of  a  series 
of  northward-facing  bluffs  which  extend  from  some  point  in  Canada 
as  far  west  at  least  as  the  west  end  of  Gunflint  Lake,  and  produce  a 
sudden  shoulder  in  the  surface  contour.  The  actual  highest  divide,  or 
Mesaln  is  usually  a  few  miles  further  south,  and  is  apt  to  consist  of  the 
gabbro  rock.  While  there  is  a  sudden  descent  northward  Irom  the 
face  of  these  bluff's,  amounting  to  300  or  500  feet,  the  general  level 
toward  the  south  ascends  to  the  top  of  the  Mesabi,  though  sometimes 
there  are  two  or  three  interrupted  lines  of  similar  northward-facing 
hills  before  the  Mesabi  is  reached. 

The  country  along  the  north  of  Tucker  Lake  is  low,  and  occupied 
with  magnetited  trap,  and  this  character  continues  southwestwardly 
some  five  or  six  miles  further. 

713.  From  the  north  shore  of  Tucker  Lake,  a  magnetited  gabbro, 
embracing  also  masses  of  rock  like  No.  702. 

On  the  south  side  of  Tucker  Lake  is  a  long  range  of  hills  rising 
about  100  feet,  constituting  the  red  Mesabi,  though  the  whole  tract 
between  Tucjter  and  Loon  Lakes  is  also  on  the  height  of  land  for  this 
region. 

714.  Gabbro  from  the  hill  range  south  of  Tucker  Lake,  in  the  N. 
part  of  Sec.  10,  T.  64,  3  W. ;  being  the  Mesabi  in  this  part  of  the 
$tate.  This  is  the  same  rock  already  described  as  constituting  the 
low  shores  of  Poplar  and  Iron  Lakes  (Nos.  693,  694  and  701) •  Be- 
tween this  hill  range  and  Tucker  Lake  are  several  lower  ridges  of  trap 
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rock.     South  from  Iron  Lake  the  **red  rock'*  begins  again  in  about  six 
miles,  according  to  Paul  Morrison. 

Duck  Lake  is  1,244  feet  above  Lake  Superior.  Poplar  Lake,  Avliich 
is  large  and  long  E.  and  W.,  has  numerous  islands,  resembling  Suga- 
naga,  except  that  here  they  are  of  diroj'te  and  gabbro  instead  of  gran- 
ite 

715.  From  an  island  in  Poplar  Lake,  near  the  portage  coming  i'roui 
Little  Lake.     The  usual  rock  about  Poplar  Lake. 

Hungry  .Tack  Lake  is  1,060  feet  above  Lake  Superior  by  this  series 
of  aneroid  connections  Last  year  this  lake  was  ascertained  to  be 
1,200  feet  above  Lake  Superior  by  series  of  observations  from  Grand 
Portage,  making  a  disagreement  of  131  feet  (see  the  ninth  annual  re- 
port, p.  78,  where  this  lake  is  distinguished  as  a  *'lake  south  of  Birch 
Lake";.  If  this  is  all  due  to  erroneous  observations  of  the  Iron  trnil 
south  from  Grand  Marais,  the  elevations  given  along  that  route  should 
be  increased  somewhat.  The  error  is  more  likely  to  be  in  that  route 
than  in  the  boundary  line  route.* 

716.  Trap-rock,  from  the  top  of  the  "stair  portage'*  which  connects 
Duncan's  Lake  with  Mud  Lake.  This  forms  a  high  basaltic  bluff  fac- 
ing north,  a  little  west  of  the  poi^tage. 

717.  Trap-rock  from  the  north  side  of  South  Lake,  o^iposite  the 
town  line  betAveen  ranges  1  and  2  west.  The  north  shore  of  this  lake 
is  low,  and  glaciated  S.  W.  and  X.  E.,  and  the  south  shore  rises  into 
high  hills  containing,  presumably,  the  rock  No.  716,  at  the  top. 

718.  Fine  trap-rock,  south  side  of  Gunfliut  river,  a  little  east  of  the 
location  of  No.  305  last  year.  This  runs  obliquely  dowu  to  the  river, 
and  under  the  water,  in  angular  basaltic  blocks  like  trap,  presenting  a 
face  Cback  in  the  woods)  toward  the  north  much  the  same  as  the  high- 
est bluffs  of  the  country. 

*Mr.  E.  Le  M.  Hoaie  carried  a  series  of  aneroid  elevations  Trom  Grand  ]darni(>  to  Iron  Lake  for  rail, 
road  parposes,  and  fonnd  the  highest  point  on  the  line  to  be  1.180  feet.  His  route  i»  iihown  on  Plate  II. 
Thia  heient  was  reached  in  8.  W.  k  Sec.  86.  T.  88,  north  of  the  Twin  Lakes  From  th.it  point  there  is 
A  very  fi^entle,  undulating  descent  to  Iron  Lake,  along  his  route,  which  was  found  to  be  abont  1.176  feet 
above  Lake  Superior,  or  38  feet  lower  than  by  the  observations  of  the  geolo^cal  survey  His  profile 
■howH  a  nearly  level  grade  Arom  the  highest  point  southward  to  a  point  about  a  mile  nud  a  half  north 
of  the  DevlPa  Track  river,  where  a  descent  begins.  The  crossing  or  the  Devil's  Track  river  is  1.016  feet 
above  Lake  Superior.  For  the  next  two  miles  and  a  half  the  descent  is  160  fret  per  mile.  Between  two 
and  a  half  and  lour  and  a  quarter  miles  from  Lake  Superior  the  grade  Is  16-*>  fec>t  per  mi1»t.  ami  below 
that  It  Is  147  feet  per  mile.  The  citMslng  of  the  South  i  ranch  of  the  Devil's  Track  river  i>  65h  f(>et  above 
Lake  Superior  Uy  spirit-le>'el  and  rod  a  point  was  fixed  on  theS.  E.  i^  Ser.  13,  T.  61  N..  >it  the  cross- 
tng  uf  the  creek,  which  had  an  elevation  of  1,080  feet,  and  by  the  same  mesinst  Devil's  Track  Lake  was 
found  to  be  1,026  feet,  or  39  feet  lower  than  by  the  observations  of  the  geoK>}:ic  1  nurv?y.  Mr  Hoare 
states  that  numerous  magnetite  boulders  are  scattered  over  the  country  between  Grand  Muraia  and 
Iron  Lake  which  produce  marked  lucal  disturbances  of  the  needle,  and  that  there  I*  evidently  a  deposit 
of  Iron  ore  at  some  point  between  Sec  6,  61,  1  E.,  and  Devil's  Track  Lake.  From  !>everal  assays  Mr. 
Hoare  states  that  he  ascertained  the  iron  and  titanium  together  In  the  ore  from  Iron  Lake  to  I»e  pretty 
nearly  uniform  throughout,  but  that  the  titaniuo)  varie<l  from  6  to  13  per  cent  .  dlMplacing  about  the 
same  percentage  of  iron.  The  ore  is  In  enornous  quantities,  In  one  plare  bud  bare  so  that  he  crossed 
over  It  30  pacea.  Another  deposit  of  magnetic  Iron  was  assayed  by  him,  loc.ited  "close  to  Poplar  river 
and  near  Lake  Superior,"  which  produced  38  p.  c  iron,  1.53  p.  c.  manganeste,  and  .05  of  phospnorus 


86  TENTH   ANNUAL  REPORT 

719.  Trap-rock,  having  a  jointed,  or  basaltic  structure,  from  the 
easterly  of  the  two  points  tliat  enclose  the  little  baj'  on  the  south  side 
of  Gunflint  Lake  into  which  the  portage  conies  from  Loon  Lake.  This 
point  rises  about  75  feet.  The  top,  represented  by  this  rock,  contain- 
ing augite,  plagioclase,  magnetite  and  a  little  hornblende  and  quartz, 
is  of  the  rock  that  usually  forms  the  tops  of  the  high  mono-clinals  of 
the  country — a  dioryte  trap,  perhaps  a  nietamorphic  condition  of  the 
beds  of  the  great  quartzyte  and  slate  formation.  It  faces  the  lake 
and  has  a  high  talus  of  fallen  blocks. 

720.  The  rock  of  the  westerly  of  these  points,  almost  identical  with 
No  7l8,  essentially  the  same  rock  as  719,  presenting  a  walled  face  to- 
ward the  north,  much  jointed,  or  finely  basaltic,  rather  finely  crystal- 
line, but  rising  but  10  feet  above  the  lake.  Thus  it  appears  to  make 
no  difference  at  what  horizon  samples  are  taken  from  the  **quartzyte*' 
formation,  if  the}'  only  come  from  the  fop  heih  at  the  place  the}'  are 
obtained.  They  are  always  **changed  quartzyte,'*  or  trap,  so-called. 
Slate  can  be  got  only  at  a  depth  of  75  to  100  feet  below  the  top.  It 
seems  as  if  any  and  all  the  beds  are  subject  to  this  metamorphism 
when  they  happen  to  be  superficial,  unless  these  be  unknown  and  un- 
suspected irregularities  in  the  stratification.  Hence,  even  at  the  very 
northern  edge  of  the  area  covered  by  these  mono-clinals,  the  changed 
rock,  or  trap,  whichever  it  be,  lies  within  a  few  rods  of,  and  nearly  on 
the  same  level  as  the  talcose  slate  and  syenite,  as  along  Gunflint  river. 

721.  A  careful  section  of  the  hill  was  taken,  lying  a  little  east  of 
the  portage  trail  from  Gunflint  Lake  to  Loon  Lake,  on  Sec.  26,  T.  65, 
3  W.,  for  the  purpose  of  ascertaining  what  relation  might  exist  be- 
tween the  basaltic  beds  which  always  lie  on  the  tops  of  these  hills  and 
the  slaty  layers  that  compose  them  toward  the  bottom,  with  the  fol- 
lowing result :  No.  721,  forming  the  top  of  the  hill  is  75  feet  thick, 
and  like  numerous  other  samples  already  noted,  viz.,  Nos.  308,  705, 
70^,  709,  719  and  720.     The  hill  is  250  feet  high. 

722.  Obtained  about  half  way  down  the  perpendicular  portion  of 
the  blufi".  The  same  as  the  last,  but  finer-grained.  It  has  also  a 
darker  color.  It  embraces  apparently  triclinic  feldspar,  magnetite, 
orthoclase,  viridite  and  a  little  quartz.  It  also  shows  an  occasional 
grain  of  pyrite  and  of  dichroic  hornblende. 

723.  A  dark,  or  gray,  homogeneous  rock,  in  general  character  sim- 
ilar to  the  last,  though  of  a  finer  grain,  resembling  very  much  the 
rock  No.  683.  It  has  pyrite,  and  much  of  the  magnetite  is  arranged 
in  branching,  foliage-like  tufts,  which  can  be  seen  in  a  thin  section, 
from  near  the  bottom  of  the  perpendicular  part. 
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724.  One  foot  lower  in  the  bluff  than  the  last.  Undistinguishable 
from  the  last. 

725.  Six  inches  lower;  same  rock  but  finer.  This  is  hard,  fine, 
dark -colored. 

726.  A  foot  lower;  the  same  rock  but  finer,  and  tending  to  a  slati- 
ness. 

727.  Four  feet  lower;  slate,  fine,  black  or  nearly  ))lack,  of  the  kind 
commonly  seen  in  these  blufi's.  The  rest  of  the  bluft'  is  much  hid  by 
talus,  but  so  far  as  can  be  determined  consists  of  rock  like  727.  A 
hundred  feet  lower,  and  but  a  short  distance  north  from  the  foot  of 
this  blufi*  was  obtained  No.  720,  fgrming  the  top  of  a  lower  ridge  of 
rock. 

The  transition  from  the  basaltic  rock,  or  trap,  forming  the  top  of 
this  hill  (No.  721)  to  the  slate  of  No.  727,  is  more  abrupt  than  on  the 
«outh  side  of  Loon  lake:  but  there  is  still  here  an  imperceptible  transi- 
tion. There  is  no  suddenness  about  the  change,  nor  break  in  the  bed- 
ding to  indicate  the  former  fluidity  of  the  top  of  the  hill.  The  change 
is  complete  in  the  space  of  four  feet — from  basaltic  columnar  structure 
to  perfect,  horizontal,  or  southward  dipping  slatiness.  If  the  basaltic 
portion  is  due  to  igneous  origin  there  was  such  a  transfusion  of  min- 
eral characters,  and  such  a  perfect  cementation  between  it  and  the 
slaty  portion  that  no  line  of  separation  where  the  igneous  portion  was 
superimposed  on  the  sedimentary,  can  be  designated. 

A  second  visit  was  made  to  the  locality  No.  312,  on  the  north  side 
of  Gunflint  lake,  where  the  flint  beds  api)ear  in  outcrop,  about  half  a 
mile  east  of  the  outlet  of  the  lake,  at  which  the  following  conclusions 
were  reached : 

1st.  The  rock  is  a  breccia  in  which  the  flint,  generally  black,  or 
dark  jasperoid,  appears  in  a  gray  rock  which  weathers  rusty,  in  angular 
pieces  of  all  sizes  up  to  two  feet,  or  even  makes  continuous  beds  more 
or  less  tilted  and  broken.  Sometimes  also  the  gray  rock  that  weathers 
to  a  rusty  color  on  the  beach  is  in  angular  pieces  or  patches  in  a  mass 
of  angular  pieces  of  non-rusty  gray  rock;  and  sometimes  the  two  al- 
ternate in  parallel  bands  as  if  so  deposited  as  sedimentary  beds  at  first. 

2nd.  The  formation,  as  it  is,  is  tilted  into  the  lake,  southward,  at 
an  angle  of  perhaps  ten  degrees,  on  an  average,  though  there  are 
places  where  the  dark  jasperoid  layers  seem  to  stand  nearly  vertical. 

3rd.     The  whole  formation  is  rudely  basaltified  in  small  columns. 

4th.  The  thickness  visible,  in  an  interrupted  series  of  outcrops, 
fieems  to  be  about  twenty  feet. 

5th.     A  little  distance  further  west,  and  near  the  extremity  of  the 
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point  before  reaching  the  "narrows,"  the  exposed  rock  is  slate  again^ 
at  first  horizontal,  and  then  with  a  dip  of  eighteen  to  twenty  degrees 
to  the  N.  E.  then  S.  again ;  becoming  hid  b}'  trees  the  rock  termin- 
ates, and  the  point  too,  the  elevation  of  the  hill  being  forty  to  fifty 
feet. 

The  close  proximity  of  this  flint  and  jasper  locality  to  the  next  great 
underlying  formation  (syenites  and  slates)  makes  it  one  of  great  inter- 
est to  the  geologist,  but  so  far  as  scrutinized,  as  yet  the  true  relation 
of  the  two  formations  are  not  revealed  by  anything  here  seen,  though 
there  seems  to  be  an  unconforma.bility  between  them.  At  the  "nar- 
rows'* is  basaltic  trap  rising  in  characteristic  blufi^s  and  striking  E. 
and  W.  with  a  face  toward  the  north. 

728.  Rock  of  the  island  in  Saganaga  lake  nearest  the  inlet  from 
Gunflint  lake,  on  the  south  side.  This  is  a  sj^enite  with  mica,  con- 
taining much  coarse  quartz.  The  feldspar  is  orthoclase,  of  which  the 
greater  portion  is  white,  but  some  of  it  is  flesh-colored.  It  is  a  beauti- 
ful, light-colored  syenite,  suitable  for  ornamental  purposes.  This  rock 
prevails  about  Saganaga  lake,  but  also  becomes  darker  by  an  increased 
amount  of  hornblende. 

729.  Syenite  from  "Cariboo  narrows"  N.  E.  i  Sec.  19,  T.  66,  4  W, 
Gull  river  and  lake  may  be  ascended  by  course  to  near  the  S.  W.  cor, 

of  T.  66,  4,  without  portage,  by  passing  two  rapid  places.  Gull  lake 
is  thirty-nine  feet  above  Saganaga.  A  portage  is  necessary  at  the 
third  rapids.  Gull  lake  is  similar  to  Saganaga  in  having  numerous 
islands  based  on  a  light-colored  syenite. 

W.  Gull  lake,  which  is  united  by  a  short  rapid  stream  to  Gull  lake, 
is  twelve  feet  higher,  and  is  filled  with  the  same  sort  of  rocky  islands. 

733.     Syenite  from  the  rapids  between  Gull  and  W.  Gull  lakes. 

Along  the  south  side  of  these  lakes,  distant  about  two  miles,  runs  a 
range  of  mountains  which  seems  to  be  a  continuation  of  that  running 
west  from  the  south  shore  of  Gunflint  lake,  marking  in  general  the 
northern  limit  of  the  slate  and  quartzyte  group. 

731.  The  rock  730  continues  to  form  the  islands  and  shores  of  W, 
Gull  lake  to  near  the  point  where  the  stream  from  Frog-rock  lake 
enters  it,  near  the  southwest  end,  where  the  rock  731  takes  its  place, 
rising  in  little  hills  of  very  similar  contour  and  size,  some  of  each  ris- 
ing 50  to  100  feet.  This  rock  is  very  tough,  greenish,  has  in  general  an 
imperfectly  schistose  or  fibrous  structure,  is  seamed  and  jointed  finely, 
some  of  the  seams  being  filled  with  a  fine-grained,  siliceous,  nearly 
white  rock,  or  pinkish  quartzyte,  which  is  faulted  frequently  by  other 
seams,  making  a  zigzag  network  of  joints  and  seams.     Some  of  these 
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seams  are  of  a  pinkish  color,  and  six  to  ten  inches  wide.  But  they  are 
themselves  broken  and  often  entirely  diffused  and  lost.  The  rock  is 
not  slaty,  but  separates  under  the  hammer  into  rude  rhombs.  It  is 
fine-grained.  (V.  Nos.  348,  355,  356,  358.)  This  rock  in  thin-section 
shows  a  matrix  which  is  homogeneous,  transparent,  penetrated  by  the 
other  minerals,  and  betAveen  crossed  Nicols  has  a  neutral  color,  dark- 
ening on  rotation  of  the  stage,  with  the  quick  limpid  change  charac- 
teristic of  quartz,  but  not  having  its  brilliancy.  The  other  chief  min- 
eral is  green  fibrous  hornblende,  but  it  is  so  changed  that  it  is  rarely 
dichroic,  and  is  often  more  like  serpentine  than  hornblende  in  its  opti- 
cal characters.  There  are  also  a  few  grains  of  some  triclinic  feldspar. 
This  composition  seems  to  nuike  this  rock  an  amphibolyte.  In  land 
specimens  it  is  not  distinguisha})le  from  the  anii)hibolyte  of  Littleton, 
N.  H.* 

The  stratigraphic  relations  of  730  to  731  are  not  easy  to  make  out. 
Sometimes  they  liej  immediately  in  contact,  the  plane  of  separation 
being  perpendicular,  and  sometimes  they  are  in  separate  knolls,  or 
hills,  contiguous,  the  contact  of  which  below  the  soil  is  not  visible. 
In  general  the  hills^  composed  of  the  amphibolyte  are  higher  and 
rougher  than  those  of  the  syenite. 

732.  Light  pinkish  granulyte,  or  quartzyte,  embraced  in  veins  in 
No.  731. 

733.  Frog-rock  lake,  which  is  next  west  of  W.  Gull  lake,  is  so 
named  from  ^he  Chippewa  word  which  signifies  spotted  or  greenish, 
from  the  appearance  of  the  rocks,  and  it  is  seventy -three  feet  above 
Saganaga.  The  mineral  which  gives  green  color  to  the  rocks  of  this 
region  api)ears  sometimes  in  thin  seams  or  in  coatings  on  opened 
seams,  as  shown  by  the  samples  of  this  number. 

734.  This  greenish  rock  in  some  places  is  v^ry  fine  and  tough,  and 
also  porphyritic. 

735.  At  the  very  entrance  to  Frog-rock  Lake  is  a  hard,  massive, 
speckled  dioryte  that  forms  a  little  fall  where  the  water  goes  out  of  the 
lake  In  passing  the  portage,  white  quartz  is  seen  in  pockets  in  this 
rock  (731  and  734)  sometimes  having  perfect  crystalline  terminations. 

736.  From  an  island  in  Frog-rock  Lake,  about  half  a  mile  south- 
west from  its  outlet;  a  green  amphibolyte  (?). 

737.  A  talcose  or  chloritic  rock,  having  a  coarse  perpendicul.ir 
schistose  structure,  from  the  rapids  between  Frog-rock  and  Town 
Line  Lakes,  northwest  from  Frog-rock  Lake.  This  is  conglom critic, 
some  of  the  i)ebbles  being  six  inches  across  and  like  the  gray  amphi- 

*No  916,  of  the  "typical  rocks  of  New  Uampuhlre,''  or  No.  3,016  of  the  Mu«enin  RegUter. 
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bolyte  (No.  731).  There  is  in  it  also  considerable  pyrite.  The  peb- 
bles are  rounded,  and  are  intimately  connected  with  the  matrix.  There 
may  be  thirty  feet  of  this  here  visible,  including  that  below  the  water 
and  above.  There  seems  to  be  a  S.  dip  of  about  10  to  15  degrees.  The 
aspect  of  the  countiy  changes  at  once  on  entering  on  this  conglomer- 
ate. There  are  no  bald,  rocky  hills  to  be  seen  around  the  Town  Line 
Lake,  but  the  trees  grow  all  over  the  rock,  and  down  to  the  water. 
The  level  of  this  lake  is  83  feet  above  Saganaga,  and  King-fisher  Lake 
(or  Ogishki  Muncie)  is  ten  feet  higher.  The  rapids  connecting  them 
are  formed  by  the  same  rock  (737). 

738.  A  fine,  firm  conglomerate,  or  grit,  containing  considerable 
pyrite  which  changes  to  iron  oxide  near  the  surface  The  grains  are 
mainly  of  quartz,  as  well  as  of  flint  and  feldspar.  Some  of  the 
flint  is  black,  and  two  inches  across.  This  rock  recalls  the  Gunflint 
beds.  It  seems  also  that  the  rock  737  is  a  part  of  the  same  conglom- 
erate as  738,  but  at  a  lower  stratigraphic  horizon.  It  hence  seems  as 
if  the  Gunflint  beds,  which  are  the  lowest  part  of  the  quartzyte  and 
slate  series  (the  lower  volcano  of  Logan)  pass  by  a  common  meta- 
morphism  through  the  perpendicular  slaty.  Or  schistose  structure  into 
the  slates  of  the  Huronian — but  whether  at  first  conformable  to  them 
or  not,  cannot  be  said  yet.  This  rock  (738)  does  not  continue  far  west 
of  where  it  appears,  which  is  near  the  N  E.  end  of  Ogishki^  Muncie 
Lake,  on  the  south  shore.  It  stops  at  the  first  narrows,  at  the  east 
end  of  the  lake  apparently  jogging  ofi*  south  suddenly,  since  the  rock 
731  sets  in  in  full  force  on  the  south  side  of  the  lake  on  the  W.  of 
these  narrows,  and  continues  to  one-half  mile  west  of  the  section  line 
between  sections  13  and  24. 

739.  At  one-half  mile  W.  of  the  section  line;  somewhat  quartzyte, 
firm  and  resembling  738.  This  occurs  suddenly  in  No.  731,  and  it 
weathers  into  large  angular  blocks,  while  No.  731  is  apt  to  weather 
out  in  rough  schistose  fragments. 

Directly  across  the  lake,  on  the  north  shore  the  rock  738  can  be 
found  again  appearing  in  a  similar  manner  as  on  the  south  side,  /.  ^., 
in  a  blufi*  and  hill  near  the  lake,  but  731  appears  soon  on  the  south 
side,  and  with  sundry  variations  forms  the  south  coast  to  the  peninsula 
on  the  south  shore  crossed  by  the  line  between  Sees.  23  and  26  which  is 
made  up  of  the  quartzyte  and  slate,  having  a  dip  to  the  S.  S.  W.  of 
about  80  degrees.  The  slate  alternates  with  the  quartzyte  beds,  the 
former  being  in  layers  generally  of  two  to  three  inches,  and  the  latter 
in  beds  of  six  inches  to  two  or  three  feet.  There  is  in  the  slate,  which 
is  slaty  in  the  direction  of  the  true  bedding,  also  a  tendency  to  slati- 
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ness  E.  and  W.  perpendienlarly,  so  that  the  beds  are  apt  to  separate, 
when  struck,  both  in  the  direction  of  the  true  bedding  and  along  the 
weathered  jdanes  of  the  E.  and  W.  slatiness,  making  thin  lenticular 
wedges.  This  E.  and  W.  slatiness  is  not  visible  in  the  quartzyte.  The 
same  alternation  of  slaty  and  n on -slaty  beds  is  to  be  seen  on  the  S. 
shore  of  Vermilion  Lake,  and  at  Thompson. 

740.  Slate  fnmi  the  above. 

741.  Quartzyte  from  the  above.     This  is  much  like  No.  738. 

742.  Dyke-rock,  from  a  dyke  cutting  the  great  conglomerate  of 
Ogishkie  Muncie  Lake,  X.  W.  i  N.  E.  i  Sec.  26,  T.  65,  6  W.  Plagi- 
oclase,  magm^tite,  chrysolite,  a  little  hornblende  ( *?),  a  little  quartz 
pierced  by  spicules  of  apatite  and  pyrite.  This  dyke  is  six  and  a  half 
feet  wide  and  runs  E.  10**  S.  It  crosses  a  little  peninsula,  and  on  both 
sides  disappears  below  the  water  of  the  lake.  It  is  a  dark,  heavy,  firm 
rock,  not  difiering  from  numerous  others  seen  crossing  the  great  quartz- 
3'te  and  slate  formation. 

743.  Calcareous,  rusty  schist,  apparently'  talcose,  and  overlying  the 
next;  this  has  a  strong  resemblance  to  the  conglomerate  schist  No. 
737.  It  is  coarse,  and  seems  to  disintegrate  more  readily  than  any  of 
the  rocks  of  this  region.  It  is  in  the  lower  jdaces.  It  has  no  evident 
dip,  or  bedding,  but  a  schistose  structure  running  E.  and  W.  perpen- 
dicular. 

746.  Associated  with  the  last  is  a  grayish  marble,  which  may  also 
contain  siderite.  They  are  in  the  N.  E.  i  N.  E.  i  Sec.  26,  T.  65,  6 
W.  The  marble  rises  in  an  inconspicuous  low  ridge,  in  a  valley.  It 
is  coarsely  jointed,  and  has  an  ai  parent  dip  toward  the  south  of  about 
10  degrees,  and  is  22  feet  thick. 

744.  From  the  great  conglomerate,  but  showing  one  of  the  indef- 
finite  conditions  of  the  same.  The  conglomeritic  character  is  hardly 
distinguishable  on  a  fresh  fracture  of  the  rock  which  sometimes  shows 
different  shades  of  green.  But  all  over  the  surface,  when  glaciated  and 
weathered,  are  visible  the  forms  of  rounded  boulders,  included  in  the 
rock,  the  different  colors  and  grain  of  the  boulders  being  brought  out 
plainly.  This  is  essentially  the  same  formation  as  the  rock  743  and 
737,  and  it  constitutes  by  far  the  greatest  part  of  the  country  rock 
about  Ogishkie  Muncie  Lake.  Wherein  the  rock  737  differs  from  738 
which  also  passes  into  744  by  the  accession  of  slaty  structure  and  then 
the  obliteration  or  modification  of  it  by  the  accession  of  bouMers,  it 
may  be  ascribed  to  varying  proximity  to  and  influence  of  the  under- 
lying * 'talcose'*  rocks  in  the  process  of  deposition  and  metamorphism. 
The  rock  744  forms  the  little  island  in  the  central  narrows  of  Ogishkie 
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Muncie  Lake*,  near  the  peninsula  crossed  by  the  line  between  sectinos 
23  and  26,  and  the  mainland  south  and  north.  On  the  island,  it  is  a 
real  conglomerate,  with  a  smoothly  glaciated  surface,  and  the  sections 
of  some  of  the  rounded  stones  are  a  foot  and  even  more  in  diameter. 
They  are  very  abundant.  Sometimes  the  rounded  stones  make  three- 
quarters  of  the  whole  rock,  but  in  other  cases  the  slaty  matrix  is  near- 
ly free  from  them,  over  considerable  areas.  The  general  surface  rises 
in  short,  zig-zag  ridges  which,  though  often  entirely  bare,  have  boul- 
ders and  a  thin  soil  of  clay  and  mold  in  the  valleys  between  them,  so 
as  to  obscure  their  inter-relations.  In  these  vallevs  are  a  multitude  of 
fallen,  half-burnt  trees,  among  which  are  growing  small  birches  and 
willows  (V.  after  752). 

There  is  a  sudden  change  in  the  direction  of  strike  of  the  rock  of  the 
country,  in  the  N-  E.  i  of  Sec.  26,  from  nearly  E.  and  W.,  to  N.  and 
S.  At  the  shore  on  the  peninsula  in  Sec.  23  it  is  the  same  as  the 
slates  generally  seen  in  the  Huronian,  in  this  part  of  the  State,  but 
after  passing  the  valley  in  which  are  the  calcareous  schist  and  the 
marble,  it  is  N.  and  S.  That  the  change  is  somewhat  sudden  is  shown 
by  the  fact  that  the  beds  running  N.  and  S.  are  seen  to  cease  abrupt- 
ly and  to  be  replaced  by  the  conglomerate  in  a  number  of  places.  The 
conglomerate  in  these  cases  is,  so  far  as  seen,  rather  finer  than  the 
average. 

745.  Slate  and  quartzyte,  from  the  rock  that  strikes  N.  and  S.  (as 
above),  showing  the  bedding  of  sedimentation,  the  tendency  to  E.  and 
W.  schistose  structure,  and  the  jointage  to  which  the  whole  is  subject* 

746.  (See  before  744,) 

747.  Directly  south  of  745,  (on  the  lake  shore)  i.  e.  in  the  S.  W.  i 
S.  E.  i  Sec.  26,  is  the  hard,  black  rock  represented  by  this  number.  It 
is  a  kind  of  black  quartzyte,  or  flint,  the  dij)  of  which  cannot  be  stated. 
It  is  finely  jointed  or  broken,  nearly  at  right  angles  transversely,  oc- 
cupies the  area  of  a  small  ridge  near  the  shore. 

748.  On  the  portage  from  Ogishke  Muncie  lake  to  Dyke  lake, 
which  is  a  little  lake  southwest  from  Ogishke  Muncie  in  S.  E.  i  Sec. 
28,  is  a  siliceous  slate,  standing  vertical.  It  is  cut  by  a  dyke  running 
about  N.  and  S.  thirty  to  forty  feet  wide. 

749.  Rock  from  the  above  dyke;  dark  doleryte. 

750.  Conglomeritic  slate.  This  i)asses  into  the  slate  748.  It  shows 
no  bedding.     From  the  north  side  of  Dyke  lake. 

751.  S.  E.  i  Sec.  30,  T.  65,  6  W.  north  of  the  east  end  of  Caca- 

*  With  one  exception  this  is  the  only  island  which  has  its  forest  yet  standing:  most  of  UMeoantiy 
being  utterly  destitute  fh>m  fires. 
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quabie  lake,  is  Mallmaiin's  Peak.  It  extends  rather  as  a  lower  range 
toward  the  N.  E.  half  a  mile,  terminating  at  the  end  of  the  lake  in  the 
northern  part  of  Sec.  20.  This  rock  is  a  peculiar  porphyry.  The 
ground  mass  is  amorphous,  and  the  disseminated  crystals  are  horn- 
blende.    It  is  unlike  any  thing  before  seen. 

752.  A  d^'ke  forty  feet  wide,  represented  by  this  number,  cuts  the 
last.     This  is  a  doleryte  with  considerable  magnetite  and  pyrite. 

Further  examination  of  this  great  pudding-stone  on  the  high  pen- 
insula that  projects  from  the  north  shore  of  Ogishke  Muncie  lake,  on 
Sec.  23,  shows  that  it  is  crossed  by  E.  and  W.  bands  due  to  sedimenta- 
tion. These  bands  stand  nearly  or  quite  vertical.  They  are  similar 
to  those  seen  in  the  quartzyte  and  slate,  but  are  coarser  and  more  in- 
distinct. They  are  seen  in  the  finer  parts  of  the  pudding-stone,  when 
the  rock  passes  into  a  fine  conglomerate  or  coarse  quartzyte. 

On  this  peninsula  nearly  one -half  of  the  pebbles  in  the  rock,  large 
and  small,  are  from  the  Saganaga  granite.  Next  in  frequency  is  a 
variety  of  greenish  pe))bles,  apparently  from  the  same  formation,  or  at 
least  from  the  rock  731,  and  some  like  the  dyke  rock  742.  Next  comes 
quartzyte,  which  is  sometimes  gray,  sometimes  white.  These  graduate 
into  white  and  gray  pebbles,  some  of  which  are  also  black  and  very 
fine,  like  flint,  having  a  short  conchoidal  fracture.  Some  of  these  last 
are  banded  like  the  jasper  and  flint  of  the  gunflint  beds.  One  banded 
piece  of  black-gray  flint  which  was  noted  was  a  foot  across.  ThevSe 
various  pebbles  weather  into  a  variety  of  colors  making  the  face  of  the 
bluff  perfectly  spotted  and  mottled.  The  conglomerate  is  a  part  of  the 
slates  of  the  region,  and  is  interbedded  with  them. 

About  three-fourths  of  a  mile  north  of  the  central  narrows  of  the 
lake,  the  conglomerate,  which  continues  all  the  way,  with  a  dip  S.  of 
80  or  90  degrees,  (sometimes  varying  a  little  to  the  S.  E.)  contains 
large,  rounded  pieces  of  the  '^Saganaga  granite,"  which  proves  the 
greater  age  of  that  granite,  and  the  unconformability  of  this  slaty  con- 
glomerate, and  the  beds  that  are  its  equivalent  elsewhere,  upon  that 
older  formation.  Some  of  these  large  pieces  of  syenite  are  over  two 
feet  in  diameter.     The  conglomerate  also  here  contains  red  jasper. 

At  about  a  mile  north  of  the  narrows  the  red  jasper  becomes  very 
common,  some  pieces  being  six  to  eight  inches  across  on  the  face  of 
the  rock. 

At  about  a  mile  and  a  quarter  north  of  the  narrows  the  conglomer- 
ate becomes  finer  and  finer,  and  the  slaty  bedding  comes  in,  the  whole 
being  converted  to  740  and  741,  and  at  once  the  hills  rise  in  a  rude 
range,  broken  by  off-sets,  to  the  height  of  150  or  200  feet  higher  than 
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the  general  level.  The  highest  hill  is  about  in  the  center  of  the  S. 
W.  i  See.  14,  and  the  top  consists  of  the  rocks  740  and  741,  passing  to 
731,  with  vertical  bedding.  The  strike  of  the  northern  limit  of  »the 
conglomerate  is  S.  35°  W.  and  at  about  one  and  one-fourth  miles  N. 
of  the  central  narrows.  Through  the  whole  of  this  distance  the  dip  is 
nearly  uniform  (80°  to  90°  from  the  horizontal);  and  by  the  construc- 
tion of  a  right  angled  triangle  a  calculation  will  make  a  thickness  of 
6,574  .8  feet,  for  the  conglomerate  on  the  north  side  of  Ogishke 
Muncie  lake,  and  there  may  be  as  much  more  on  the  south  side. 

753.  Is  an  average  sample  of  the  most  of  the  hill  on  S.  W.  i  Sec. 
14,  T.  65,  4  W.  (as  above.)  It  represents  a  vast  amount  of  rock  in 
this  country,  since  much,  even  of  the  conglomerate,  is  of  similar  roek^ 
This  here  is  banded  with  finer  beds,  approaching  slate,  which,  when 
favorably  weathered,  falls  to  pieces  as  slates,  though  very  siliceous. 

From  this  hill  the  mountain-range  on  the  south  side  of  Ogishke 
Muncie  lake  can  be  seen  to  extend  east  as  far  as  the  eye  can  distin- 
guish, and  probably  to  Gunflint  lake.  The  point  of  observation  is 
E.  33°  N.  from  Mallmann's  Peak.  Part  of  Knife  lake  is  W.  S.  W.  To- 
ward the  N.  W.  is  a  lake  one-fourth  mile  away.  East  33°  north,  is 
another  small  lake  one-fourth  mile  distant,  and  at  the  foot  of  the  hill 
S.  is  another  little  lake.  Toward  the  north  is  a  similar  tract  of  coun- 
try, burnt  over,  running  to  Otter  Track  and  Knife  lakes,  made  up 
(probably)  of  the  rock  No.  753,  as  no  such  conglomerate  was  seen 
along  there  last  year. 

754.  Jasper  conglomerate,  one  mile  north  of  the  central  narrows 
of  Ogishke  Muncie  lake. 

The  ''Gunflint  beds,"  south  of  Gunflint  Lake,  (V.  after  No.  747) 
have  been  associated  with  the  slates  and  quartzytes  of  the  overlying 
formation,  rather  than  with  the  talcose  slaty  beds  underlying  (V.  426) 
but  observations  about  Town  Line  and  Ogishkie  Muncie  Lakes  seem  to 
indicate  that  they  are  here  a  part  of  a  schistose,  slaty  formation,  high- 
ly inclined,  which  belongs  to  the  Huronian,  passing  into  the  great 
conglomerate  of  Ogishkie  Muncie  Lake. 

So  far  as  can  be  determined  by  the  observations  made,  the  following 
statement  of  the  order  of  superposition  seems  to  be  warranted,  in  de- 
scending order  (V.  after  561). 

1.  The  nearly  horizontal  quartzyte  and  slate  formation  composing 
the  hills  of  the  Grand  Portage  and  the  International  boundary  as  far 
as  Gunflint  Lake. 

2.  The  coarse  grit  or  fine  conglomerate,  No.  738. 
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3.  The  Jaspery  and  calcareous  beds  that  are  known  as  the  **6uu- 
flint  beds,"  Nos.  737  and  743. 

4.  Gray  marble,  No.  747. 

5.  The   tilted,  slaty  conglomerate,  and   the   great   conglomerate, 
about  Ogishkie  Muncie  Lake,  Nos.  744,  750  and  754. 

6.  The  amphibolyte  and  the  chloritic  slates,  Nos.  731, 753,  348,  349, 
350,  355,  356  and  358. 

7.  Mica  schists,  and  alternations  of  mica  schists  and  syenite,  Nos. 
335,  337,  339,  401,  406,  408,  414  and  417. 

8.  The  syenites  and  granites  of  Saganaga  and  Gull  Lakes. 

There  is  yet  one  very  important,  undetermined  question  relating  to 
this  generalized  section  which  ought  to  be  borne  in  mind,  viz  :  Is  the 
great  quartzyte  and  slate  formation  of  the  international  boundary 
(No  1  of  this  section)  the  same  as  the  highly  tilted,  slaty  and  quartz- 
yte formation  which  passes  into  the  great  conglomerate?  (No.  5.) 
There  are  some  considerations  which  seem  to  imply  that  it  is,  though 
in  all  descriptions  and  sections  they  have  been  treated  as  diflFerent  ter- 
ranes.  (a) Where  the  horizontal  slates  approach  the  syenites  at  the 
east  end  of  Gunflint  Lake  there  is  nothing  to  be  seen  of  any  beds  rep- 
resenting the  tilted  slates.  The  syenites  and  their  associated  schists 
come  on  at  once.  *  (b) Where  (;he  tilted  slates  and  the  conglomerates 
associated  with  them  are  traceable  from  the  syenite  upward  to  the 
gabbro  as  south  of  Ogishkie  Muncie  Lake,  there  is  nothing  to  be  seen 
of  any  beds  like  the  horizontal  black  slates  of  No.  1.  (c)The  **Gun- 
flint  beds"  appear  to  belong  to  the  horizontal  slates  of  the  internation- 
al boundary  at  Gunflint  Lake,  but  their  supposed  equivalents  at  Ogish- 
kie Muncie  Lake  belong  to  schistose  and  tilted  slates  and  conglomer- 
ate, (d) Although  the  horizontal  slates  and  quartzytes  of  the  inter- 
national boundary  strike  west  and  southwest  across  the  State,  forming 
one  of  the  most  important  topographical  features  of  the  northern  part 
of  the  State,  and  can  be  followed  for  many  miles  as  such,  yet  they  are 
lost  entirely  in  the  region  of  the  upper  St.  Louis,  and  the  tilted  slates 
are  the  only  ones  seen  where  that  river  cuts  the  rock  at  Knife  Falls 
and  below.  (e)The  great  gabbro  belt,  which  surmounts  the  hori- 
zontal slates  along  the  international  boundary,  and  prevails  to  the  east 
and  south  of  their  line  of  strike,  is  seen  to  pass  to  the  west  of  Lake 
Superior,  at  Duluth,  and  to  disappear  from  sight  suddenly  between 
Duluth  and  Fond  du  Lac  as  if  its  continuance  depended  on  the  main- 
tenance  of  the  horizontal  formation  with  which  it  is  associated.  ( f ) 
Where  the  Gunflint  beds  become  a  jaspery  haematite,  as  south  and  east 
of  Vermilion  Lake,  the  structure  of  the  tilted  slates  passes  into  the  iron 
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ore  as  if  of  the  same  formation.  (g)The  formation  which  underlies 
the  cupriferous  at  Fond  du  Lac  is  the  tilted  slates,  and  that  which  un- 
derlies it  at  Grand  Portage  is  the  horizontal  slates. 

A  thorough  examination  of  the  hill -range  between  Gunflint  and 
Ogishkie  Muncie  Lakes  would  probably  reveal  the  facts  as  to  any 
transition  from  the  horizontal  slates  to  the  tilted  slates. 

In  going  south  from  Ogishkie  Muncie  Lake  toward  the  mountain 
range,  so  as  to  strike  the  summit  on  Sec.  34,  the  dip  and  strike  of  the 
rock  are  seen  to  change  several  times.  At  the  shore  is  a  fine  conglom- 
erate, then  quartzyte  and  slate  in  contorted  bedding,  then  the  same 
with  a  dip  east,  then  the  same  with  a  dip  northeast,  then  south,  then 
coarsely  arenaceous  without  any  distinct  dip,  apparently  once  broken, 
then  vertical  with  strike  N.  and  S.  South  of  the  crossing  of  the  creek, 
about  half  way  from  the  lake  to  the  summit,  the  rock  is  very  confused 
(apparently  brecciated  and  recemented),  and  the  bedding  cannot  be 
luade  out.  Then  the  dip  is  west,  verging  to  southwest. 
^  Although  this  is  not  all  conglomerate,  on  close  examination  it  seems 
to  show  in  the  field  such  variation  as  can  be  referred,  very  much  of 
it,  to  an  original  conglomeritic  condition.  In  approaching  the  summit 
this  condition  is  less  and  less  apparent,  the  stones  gradually  losing 
their  identity  in  a  common,  more  homogeneous  mass. 

South  of  the  foregoing  interrupted  series  of  hills,  occupied  by  the 
changes  described,  all  pertaining  to  the  conglomerate — quartzyte — 
slate  formation,  is  the  first  ridge.  The  rock  is  rounded  and  smoothed 
by  glaciation,  though  the  direction  of  movement  cannot  be  ascertained 
by  any  preserved  striae.  There  is  a  sudden  change  in  the  character  of 
the  rock  of  the  hill  in  passing  to  the  ridge. 

755.  The  rock  of  this  ridge  is  a  greenish,  tough  rock,  much  like 
that  of  No.  731  in  outward  character,  rather  fine-grained,  has  numerous 
quartz  veins  and  seams,  and  forms  a  large  area  and  ridge  on  the  moun- 
tain side.  While  outwardly  it  appears  like  No.  731  it  has  the  mineral 
composition  that  more  resembles  a  dark,  fine  dioryte  (V.  684  and  678). 

756.  Passing  further  south,  crossing  a  valley,  another  ridge  is  met 
with,  rising  higher,  consisting  of  this  rock — a  coarsely  crystalline 
dioryte,  with  a  little  quartz  and  magnetite,  the  hornblende  being 
changed  to  viridite.     It  is  cut  by — 

757,  a  gray,  rather  fine,  trap-rock,  in  a  dyke  running  N.  W.  and  8. 
E.,  six  feet  wide. 

Further  south  is  another  higher,  bare  ridge,  broad  and  smooth,  con- 
stituting the  top  of  the  mountain.     The  rock  is — 

758,  a  **trap"  of  a  greenish  color. 
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• 

759.  Occurs  in  patches  in  No.  758  and  is  like  No.  -756,  but  contains 
tjo'much  magnetite  as  to  appreciably  increase  its  weight.  This  is  from 
the  summit  south  of  S^c,  35,  about  one  fourth  mile. 

Of  the  fotks  tonstituting  the  mountain  east  of  Twin  Peaks,  Nos. 
755  and  758,  are  the  chief  mountain-making  rocks,  and  No.  758  is  the 
meet  important,  spreading  a  great  distance  still  further  south  (judging 
%y  the  form  ahd  color  of  the  hills  in  view),  and  also  probably  a  great 
distance  east.  Indeed,  it  is  probably  the  rode  that  constitutes  the  divide, 
south  of  Gunflint  and  Tjiicker  lakes,  this  raifge  being  visibly  a  continu- 
ation of  that. 

In  passing  from  Ogishkie  Muncie  lake  directly  to  Twin  Peaks,  the 
following  observations  were  made  by  Mr.  Mallmann.  After  a  space  of 
conglomerate,  perhaps  one  half  a  mile,  there  is  a  gorge  in  which  a 
creek  runs  S^30°  W.,  the  rock  over  which  it  passes  being — 

760.  A  light  siliceous  marble,  or  calcarous  quartzyte,  undis- 
tinguishable  from  the  marble.  No.  746.  On  either  side  of  the  gorge 
is  a  wall  of  rock.     On  the  west  is  conglomerate,  and  on  the  east  is  No. 

761.  which  is  a  pyritiferous,  dark  aphanitic  rock,  one  of  the  condi- 
tions of  the  slate  of  the  slaty  conglomerate. 

762.  Is  from  a  trap  dyke  cutting  the  conglomerate,  about  one  fourth 
mile  from  the  lake. 

South  from  the  gorge  is  more  conglomerate  and  quartzyte,  then  a 
ridge,  or  a  succession  of  benches  rapidly  ascending.  The  first  bench, 
20  feet  high,  has  regular  bedding,  and  dip  toward  the  south,  but  no 
basaltic  structui^e.     It  consits  of  No. — 

.763.     Which  is  apparently  closely  allied  to  No.  755. 

764.  In  a  higher  ridge  is  this  rock,  wliich  is  the  same  as  763. 

765.  The  top  of  the  Twin  Peak  (E.  T\tn)  is  a  fine-grained  variety  of 
fhe  same  'rock.  This  peak,  and  the  geuwal  average  of  the  mountain 
range  may  be  500  feet  higher  than  Ogishkie  Muncie  lake.  The  T\i^ 
Peaks  are  conspicuous  because  they  stand  isolated,  further  north  than 
the  rest  of  the  high  land,  not  because  they  are  higher. 

Fox  lake,  which  is  141  feet  higher  than  Saganaga,  affords  a  fine  ex- 
hibition along  its  south  shore,  of  the  broken  condition  of  this  quartzyte- 
«late -conglomerate  formation.  The  bluff  rises  nearly  perpendicular, 
but  is  somewhat  rounded  off  by  glaciation,  and  the  edges  of  the  bed- 
ding cross  the  face  of  it  in  a  very  tortuous  and  angular  irregularity. 
Some  of  the  beds  which  are  nearly  horizontal  are  terminated  at  one 
place  by  a  perpendicular  line,  on  the  other  side  of  which  the  beds  are 
nearly  vertical.  In  other  places  the  bluff  shows  both  synclinal  and 
.  anticlinqj^  bends.  • 

9%   .        - 
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Ash  lake  (or  Agemok  lake)  is  200  feet  above  lake  Saganaga.  On  the 
portage  from  Fox  lake  to  Ash  lake  the  formation  strikes  S.  E.  and  N. 
W.,  yith  a  dip  S.  W.  of  60°  to  80°,  the  most  of  the  way.  It  then 
changes  suddenly  to  a  strike  S.  W.  and  N.  E.,  and  then  soon  becomes 
confused  in  a  general  breccia.  Near  Fox  lake,  where  the  beds  strike 
S.  E.  and  N.  W.,  there  is  a  ferruginous  belt.  Through  about  four  feet 
the  hard  slates  are  rusty  with  haematite.  The  pieces  are  also  feebl^ 
magnetic,  but  there  is  not  enough  iron  to  be  of  any  value. 

766.  Iron  ore  near  Fox  Lake. 

Gobbemichigomog  lake  is  210  feet  above  Saganaga.  At  its  west  end, 
just  west  of  the  town  line  is  a  northward  facing  hill  of  bedded  trap, 
and  a  low  range  runs  along  the  south  side  of  the  lake,  but  the  main 
hill-range  strikes  along  north  of  this  lake,  jogging  a  little  to  the  north. 

767.  From  the  south  side  of  Gobbemichigomog  lake.  A  fine- 
grained heavy  rock  of  a  gray  color,  resembling  the  rock  No.  677,  evi- 
dently having  much  chrysolite. 

There  are  several  short  perpendicular  bluflfs  of  bedded  trap,  some  of 
it  approaching  the  last  in  characters,  along  the  south  shore  of  Gobbe- 
michigomog lake;  and  one  of  them  is  quite  ferruginous.  They  rise 
from  20  to  40  feet.     From  one  near  the  lake  is  obtained — 

768.  Somewhat  irony  trap,  with  chrysolite  and  mica. 

Crooked  lake  is  217  feet  above  Saganaga,  and  Little  Saganaga  is  225 
feet.  About  Crooked  lake  the  country  is  wholly  in  the  trap  of  the 
Mesabi.  It  rises  in  numerous  knobs  that  make  rounded,  bare  islands. 
The  same  rock  continues  to  and  into  Little  Saganaga  lake  where  it  also 
^causes  many  islands.  In  some  places  it  rots  and  crumbles  easily  as  at 
Beaver  Bay. 

769.  Trap,  from  the  N.  W.  end  of  Little  Saganaga. 

770.  On  the  south  side  of  Little  Saganaga  the  rock  weathers  white. 
It  rises  in  higher  bluffs,  resembling  the  Rice  Point  gabbro,  and  even 
approaching  the  whiteness  and  nearly  the  purity  of  the  so  called  * 'feld- 
spar rock."  It  is  mainly  of  feldspar  but  also  contains  magnetite  and  a 
little  pyroxene.  The  hills  and  ridges  show  in  general  a  course  bedding 
which  dips  south.  Ridges  10  to  50  feet  high.  The  sample  collected  is 
weathered.  Boulders  of  iron  ore  like  that  of  Mayhew  lake,  are  scat- 
tered about. 

East-and-West  lake  is  231  feet  above  Saganaga. 

771.  Pinkish-red  vein  of  syenite  in  rock  No.  770,  dipping  E.  75**. 
It  is  20  inches  wide,  on  the  south  shore  near  the  east  end  of  East-and- 
West  lake.    This  red  syenite  here  is  comparable  to  the  red  syenite  asso- 
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ciated  with  the  gabbro  at  Rice's  Point.    In  both  places  it  penetrates  ir- 
regularly through  the  gabbro. 

The  lake  in  Frog  Rock  river  is  241  feet  above  Saganaga.  CRi  the 
portage  north  from  the  lake  in  Frog  Rock  river  are  to  be  seen  several 
veins  of  red  syenite  in  the  feldspar  rock  of  the  country,  like  771  dip- 
ping E.  The  dip  is  generally  south,  about  50°,  but  is  also  S.  E.,  E.,  S. 
W.  and  even  N.  W. 

772.  From  a  vein,  one  foot  wide,  of  this  rock  in  the  neighborhood 
of  the  east-dipping  red  veins.  This  is  coarsely  crystalline,  and  consists 
of  the  usual  minerals  in  the  gabbro  of  Rice  Point,  but  also  here  seems 
to  have- quartz  and  mica,  perhaps  derived  from  the  red  rock  with  which 
it  is  in  close  association.  This  whole  formation  resembles  **Rice 
Point  granite"  in  outward  characters,  and  in  mineral  composition. 
It  sometimes  decays  in  round  masses,  as  if  at  first  a  conglomerate,  in 
the  same  mianner  as  near  the  Duluth  depot.  (V.  No.  4  A.)  The  last 
lake  in  Frog  Rock  river  is  258  feet  above  Saganaga.  Passing  fr(mi 
this  lake  by  a  long  portage  toward  the  southwest,  the  Mesabi  lake  is 
reached,  338  feet  above  Saganaga  lake. 

773.  Rock  of  the  country,  about  the  last  lake  in  Frog-Rock  river. 
It  is  a  gabbro.  This  formation  not  only  seems  to  be  the  **Rice  Point 
granite,"  and  the  iron-bearing  rock  of  Mawhew  lake,  but  also  to  have 
furnished  the  feldspar  masses  of  Castle  Danger  and  Beaver  Bay.  The 
portage  from  the  last  lake  in  Frog-Rock  river  to  Mesabi  lake  rises  150 
feet,  and  passes  nearly  all  the  way  over  this  rock.  Mcrabi  lake  is  70 
feet  lower  than  the  divide,  and  its  outlet  is  toward  the  north,  uniting 
with  Frog-Rock  river. 

The  same  rock  continues  nearly  across  the  portage  to  Duck  lakcj, 
where  another  formation  sets  in,  viz : 

774.  This  comes  in  apparently  through  No.  773,  at  first,  but  after- 
ward it  lies  on  773,  and  in  rude  lenticular  and  broken  l)edding  dips  to 
the  south.  It  forms  a  range  of  hills  about  100  to  150  feet  high  next 
west  and  south  of  Mesabi  and  Duck  lakes.  It  has  been  molten,  as 
evidently  as  773,  and  in  that  sense  it  is  an  igneous  rock,  but  it  difi'ers 
from  it  in  its  mineral  composition.  It  is  a  reddish  syenite,  but  seems 
to  contain  mica,  as  well  as  some  plagioclase.  In  passing  along  Duck 
lake  considerable  confusion  prevails  in  the  relative  positions  of  Nos. 
773  and  774.  Along  the  south  side  of  the  point  that  separates  the  lake 
into  N.  E.  and  S.  W,  parts.  No.  774  plainly  lies  on  parts  of  No.  773, 
but  on  the  east  side  of  the  lake,  there  is  considerable  mixing,  the  two 
changing  places  suddenly,  and  either  one  being  in  patches  in  the  other 


100  TENTH   ANNUAL  REPORT 

— particularly  774,  embracing  masses  of  No.  773,  and  suddenly  cutting 
No  773  like  dyke-rock. 

775.  At  the  S.-E.  end  of  Duck  lake  773  lies  on  775,  which  is  the 
well-known  and  so-called  **red  granite."  This  lies  in  even  and  regu- 
lar beds  of  four  to  eight  inches,  (or  in  beds  of  three  to  four  feet),  dip- 
ping south,  amounting  in  all  to  about  twenty  feet,  the  rock  773  being 
unconformable  on  it,  but  intimately  cemented  to  it,  as  at  Rice  Point. 
Over  both  of  these,  further  toward  the  S.  E.  No.  774,  comes  in  again. 
(V.  776.) 

Duck  lake  is  34S  feet  above  Saganaga. 
L.  lake  is  413  feet  above  Saganaga. 

The  portage  is  along  the  stream  between  these  two  lakes  and  is  over 
the  rock — 

776.  which  is  seamed  and  blotched  with  the  red  rock  775  and  ap- 
pears to  be  affected  by  it  throughout.  This  rock  prevails  through 
this  portage  with  occasionally  a  characteristic  patch  of  No.  773 — as 
seen  at  the  south  end  of  the  portage.  At  the  point  where  the  portage 
leaves  L  lake  is  a  bluff  at  the  left  made  up  of  the  following  (777-780.) 

777.  A  characteristic  gabbro,  seamed  by  red  syenite,  and  weath. 
ering  nearly  white,  porphyritcally,  so  as  to  appear  much  like  No.  773. 
This  passes  downward  into — 

778.  which  was  obtained  about  thirty -five  feet  below  the  top  of  No- 
777  and  near  the  next.  This  is  apparently  a  form  of  the  gabbro  when 
in  closer  contiguity  with  the  sedimentaries  and  has  been  penetrated 
by  minerals  from  them.  It  is  finer-grained  than  No.  777  and  darker, 
but  also  seems  to  have  orthoclase  and  mica.  These  together,  make  a 
^hickness  of  about  forty -five  feet,  from  the  top  of  the  bluff  downward. 
They  are  one  in  structure,  dip  and  general  characters.  They  dip  south 
in  heavy  layers  at  an  angle  of  about  thirty  degrees, 

779.  Red  syenite,  unconformable  under  778,  showing  about  fifteen 
feet.  What  appears  like  bedding  in  No.  779  may  be  coarse  jointage,  as 
there  are  two  sets  of  planes,  one  set  being  perpendicular  to  the  bedding 
of  the  gabbro  overlying,  and  the  other  crossing  it  so  as  to  have  a  dip 
south  of  about  seventy  degrees. 

780  is  a  form  of  the  rock  in  the  same  bluff  about  twenty  feet  below 
the  top-^evidently  a  part  of  the  igneous  rock,  but  affected  by  proximity 
to  the  underlying  rock  so  as  to  appear  like  a  dioryte. 

There  is  a  striking  contrast  in  the  api^earance,  form  and  color  of  the 
rocks  777  and  779. 

Wind  lake  is  473  feet  above  Saganaga  lake.  On  the  portage  to 
Wind  lake  the  rock  No.  777  is  the  prevailing  rock  at  first,  but  is  varied 
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by  patches  of  red  rock,  and  a  fine-grained  rock  like  No.  778.  Then — 
761  prevails,  cut  by  seams  of  red  rock  like  the  last,  and  having  sud- 
den variations  to  Nos.  777  and  778  and  even  to  No.  774.  This  is  a 
light-colored,  fine,  S3'enitic  granite.  The  red  rock  continues  to  in- 
crease in  area  till  at  Wind  lake,  nearlv  one-half  of  the  visible  area  is 
of  red  syenite,  the  rest  being  some  of  the  rocks  777  or  781.  The  most 
of  the  surface  is  bare  rock  and  can  be  examined  efisily.  The  red  sye- 
nite is  in  the  lower  i)arts  and  the  other  rocks  are  in  the  higher.  It  al- 
ways appears  to  come  out  under  the  othei's  when  it  api)ears  in  bulk 
and  indicates  its  i)roper  relation  to  them.  The  red  seams  which  pass 
upward  into  the  dark  rocks  are  exactly  simulated  by  the  same  relations 
of  the  gabbro  and  the  red  syenite  at  Duluth,  and  this  place  must  be  at 
about  the  same  geological  horizon.  There  is  much  reason  to  regard  the 
rocks  773,  774,  776,  777,  778,  780,  as  all  phases  of  the  same  great  for- 
mation, an  igneous  rock  which  flowed  over  775  and  770,  and  in  con- 
tact with  them  was  modified  into  the  various  textures  and  degrees  of 
fineness  that  they  illustrate;  and  that  the  red  rock,  which  must  be  re- 
garded as  the  red  formation  ot  the  Brul6  and  the  Great  Palisades,  in 
the  process  was  fused  and  injected  into  them.  This  red  formation, 
which  makes  red  syenites  and  gneisses,  belongs  in  the  lower  portion  of 
the  cupriferous,  as  hitherto  classified,  and  seems  to  be  the  same  that 
in  Michigan  hsis  been  grouped  by  T.  B.  Brooks  in  the  Huronian.* 

Along  the  north  side  of  Wind  lake,  these  formations,  the  red  and 
the  gra}',  are  somewhat  interbedded,  and  so  brecciated  and  mixed  that 
the  bluff's  are  si)otted  promiscuously  with  the  two  colors.  Sometimes, 
also,  they  seem  to  have  been  fused  and  blended  into  a  rock  that  is 
neither  red  nor  gray. 

782.  A  micaceous  quartzyte,  of  a  light  red  color,  from  the  S.  E. 
side  of  Wind  lake.  This  is  less  granitoid  than  usual,  but  is  still  a  part 
of  the  red  rock  formation. 

783.  A  micaceous  brown  quartzyte,  of  the  same  series  of  rocks, 
from  the  S.  E.  side  of  Wind  lake.  This  is  one  of  the  metamorphosed 
sandstones  of  the  cupriferous. 

At  the  place  where  the  portage  trail  leaves  Wind  lake  is  a  bluft* 
which  in  form  is  a  duplicate  of  the  red  quartzyte  bluff's  at  New  Ulm, 
and  in  Rock  and  Pipestone  counties. 

784.  Is  from  this  bluff,  and  constitutes  the  most  of  it.  It  is  a  hard, 
red,  fine,  sub-granitzed  quartzyte,  somewhat  sprinkled  with  darker 
specks,   that  may  be  chloritic  or  micaceous,  or  graphite,  and  having 

«Am.  Joar.  Sci.  (3),  XI .  p.  206. 
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rarely  a  distinct  crystalline  grain  of  orthoclase.     It  is  in  distinct  sedi- 
mentary layers  that  dip  S.  at  an  angle  of  20°  to  25°. 

785.  In  irregular  patches  and  areas,  on  the  face  of  the  bare  bluff, 
rounded  off  by  glaciation,  may  be  seen  this  rock,  which  is  a  true  igne- 
ous rock,  nearly  black,  fine-grained,  a  trap-rock,  a  form  of  the  gabbro 
such  as  is  seen  along  the  Lake  Superior  shore  where  the  molten  ma- 
terial was  rapidly  cooled  in  contact  with  the  sedimentaries.  This  is  a 
phase  of  the  igneous  rock  of  the  country.  This  bluff  throws  light  on 
the  geology  of  the  southwestern  part  of  the  State.  If  this  gabbro  be- 
longs to  the  cupriferous,  and  these  red  gneisses  also,  then  may  not^,  not 
only  the  red  quartzytes  (Sioux  quartzyte  of  Dr.  White,  and  the  Bara- 
boo  quartzyte  of  Wisconsin),  but  also  the  contiguous  red  gneisses  and 
granites  of  the  Upper  Minnesota  Valley  ?  In  other  words  may  not  the 
red  gneisses  and  granites  of  the  Upper  Minnesota  Valley  be  in  the  ex- 
tension of  the  great  modified  cupriferous,  where  instead  of  an  actual 
molten  outflow,  or  series  of  outflows,  the  disturbing  agencies  operated 
to  produce  a  widespread  and  complete  metamorphism  in  the  contem- 
porary strata  ?  Those  granites  and  syenites  differ  widely  from  the 
granites  of  Saganaga — the  only  ones  known  to  lie  below  the  great 
conglomerfxte  of  Ogishke  Muncie.  Though  the  rock  of  this  bluff  is 
not  a  pure  red  quartzyte,  in  other  i)laces  this  red  rock  is  a  pure  quartz- 
yte which  can  hardly  be  distinguished  from  the  quartzyte  of  New  Ulm. 
At  the  same  time  there  are  portions  of  the  southern  red  quartzyte  that 
are  as  much  granitized  as  the  rock  of  this  bluff.  This  is  particularly 
true  of  the  outcrops  at  Baraboo,  Wis. 

Spotted  Rock  lake  is  520  feet  al)ove  Saganaga.  This  lake  is  so 
named  because  of  the  mixture  of  red  and  gray  rock  as  described  at  the 
south  end  of  Wind  lake.  Here  it  is  all  about  the  shores,  the  red  gradu- 
ally increasing  in  area,  and  rising  into  hills. 

At  Little  Saganaga  lake  were  a  few  green  trees  of  Jack  pine  (Pinus 
Banksiana)  about  three  or  four  inches  in  diameter,  but  south  of  that 
lake  the  country  has  been  twice  burnt  over,  as  at  Ogishke  Muncie  lake, 
so  that  it  is  almost  bare  of  vegetation.  The  first  burning  destroyed 
the  large  trees,  and  the  second,  in  burning  the  fallen  forest,  killed  the 
new  srrowth,  which  was  then  one  to  two  inches  in  diameter.  About 
Little  Saganaga  this  young  growth  escaped  the  second  fire;  but  in 
nearly  all  parts  of  this  traverse  the  country  north  from  Young  Sawbill 
lake  affords  unrivalled  opportunity  for  unraveling  the  geology  of  this 
much-studied  but  little-known  horizon  of  the  earth's  crust. 

Leaving  Spotted  Rock  lake  the  canoe  route  passes  over  a  long  rough 
portage  trail,  crossing  the  hill  range  known  as  the  Mesabi  Range. 
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This  range  seems  to  be  the  westward  extension  of  that  in  which  is 
Brul^  Mt.,  while  that  "Mesabi"  which  passes  near  Gpbberaichigomog 
lake  has  been  distinguished  sometimes  as  the  Giant's  Range.  Saw- 
teeth Range  is  near  the  Lake  Superior  shore.  The  Mesabi  range  rises 
where  the  trail  passes  it,  676  feet  above  Lake  Saganaga,  or  1,592  feet 
above  Lake  Superior.  The  dark  rock  which  is  mixed  with  the  red 
granite  formation  continues  to  the  top  of  the  Mesabi,  having  its  usual 
changes  of  texture,  and  a  few  spots  of  red  rock.  But  before  reaching 
the  summit  the  texture  becomes  what  is  shown  by — 

786  without  much  variation.  This  is  from  near  the  top  of  the 
range.  This  is  rather  fine,  heavy  and  chrysolitic.  After  passing 
the  summit  the  formation  is  occasionally  coarser,  and  even  takes  the 
characters  of  No.  773  in  small  patches  and  veins. 

787.  Its  prevailing  features  on  the  south  slope  are  shown  by  this 
number,  which  is  like  other  samples  from  the  same  formation  else- 
where, a  rather  fine  chrysolitic  gabbro,  which  continues  to  South-side 
lake.  From  the  top  of  the  Mesabi  range  can  be  seen  .both  the  Giants 
range  of  hills  and  the  Sawteeth  mountains. 

South -side  lake  is  a  tributary  of  Temperance  river. 

From  South-side  lake  the  course  pursues  a  slow-running  river  to 
Sawbill  lake,  with  ridges  of  rock  No.  787  on  either  side  rising  about 
fifty  feet,  or  less,  occasionally  with  a  little  show  of  the  red  rock,  but 
generally  free  from  it.     From  Sawbill  lake  the  canoe  enters  a  swamp 
through  which  the  same  river  flows,  to  a  rapids,  where,  after  a  short 
portage,  a  lake  is  reached  in  the  same  stream,  the  same  rock  continu- 
ing.    This  is  known  as  Young  Sawbill  lake,  and  by  our  aneroid  is 
found  to  be  454  feet  above  Saganaga  lake.     At  the  rapids  the  same 
rock  appears,  but  about  Young  Sawbill  lake  the  country  is  drift-cov- 
ered, and  about  the  S.  W.  end  of  this  lake  the  native  forest  is  green, 
having  escaped  the  fires.     This,  however,  does  not  continue  far,  for  at 
the  south  side  of  Rat  lake  the  forest  is  fire-killed.     No  rock  is  seen  on 
the  portage  from  Young  Sawbill  to  Rat  lake,  but  where  the  trail 
leaves  Rat  lake  for  Burntwood  lake  the  same  rock  as  the  last  appears. 

Rat  lake  is  459  feet  above  Saganaga,  and  Burntwood  lake  is  439* 
These  are  both  tributary  to  Temperance  river. 

On  the  portage  from  Rat  lake  the  formation  is  mixed  with  the  red 
fivenite.  It  shows  the  characters  of  the  Rice  Point  gabbro,  and  irony 
patches  like  dykes,  having  much  magnetite. 

On  the  east  side  of  Burntwood  lake  the  same  rock  can  be  seen  in 
place,  but  the  prevalence  of  drift  and  the  greater  amount  of  vegeta- 
tion, makes  the  examination  of  the  geology  of  the  country  more  diffi- 
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cult,  and  the  idea  one  can  obtain  is  more  general  than  in  the  country 
north  of  the  Mesabi  range. 

The  portage  to  Temperance  river  passes  over  a  range  of  low  hills 
made  up  of  rock  like  much  of  that  already  mentioned,  belonging  to 
the  same  formation,  but  somewhat  darker  colored,  with  magnetite  and 
hornblende,  approaching  dioryte. 

788.  Dioryte  from  the  E.  side  of  Burntwood  lake,  the  rock  of  the 
country. 

789.  From  the  portage  trail  to  Temperance  river  lake,  but  rather 
darker  than  the  average — a  dioryte  with  much  hornblende  and  con- 
siderable magnetite. 

Temperance  river  lake  is  417  feet  above  Lake  Saganaga.  This  lake, 
which  is  nothing  more  than  an  expansion  of  the  river  is  terminated  by 
rapids  which  have  a  descent  of  eight  feet.  On  the  portage  round  these 
rapids  almost  the  only  rock  seen  as  boulders  are  of  the  red  syenite 
series.  A  lower  rapid  in  Temperance  river  has  a  descjent  of  thirty 
feet.  Temperance  river  is  rather  a  succession  of  lakes,  or  lake-like  ex- 
pansions. The  portage  round  the  last  rapids  crosses  red  syenite  all  the 
way,  seen  occasionally  in  place.  The  forest  is  killed  by  fire  over  the 
east  half  of  the  portage.  At  the  foot  of  these  rapids  is  another  lake- 
like  enlargement  of  the  river,  after  which  the  route  ascends  by  port- 
age, a  tributary  of  Temperance  river,  and  reaches  a  lake  in  this  tribu- 
tary,  which  is  found  to  be  419  feet  above  Saganaga  lake.  This  last  port- 
age passes  at  first  along  the  foot  of  and  then  ascends  and  continues  on 
a  ridge  of  morainic  drift,  consisting  so  largely  of  red  granite  masses 
(from  one  to  six  feet)  that  one  could  travel  the  whole  three-fourths 
mile  without  stepping  off  them.  There  is  also  in  the  mass  occasion-r 
ally  a  boulder  of  dioryte  like  No.  788  or  789.  When  burnt  the  whole 
country-  appears  red,  from  the  prevalence  of  this  red  drift.  The  next 
portage  leads  to  a  lake  in  Poplar  river,  and  the  lake  is  given  an  eleva- 
tion over  Saganaga  lake  of  449  feet  by  connected  aneroid  readings. 
Through  this  portage  the  red  morainic  drift  continues,  and  along  the 
lake  also.     Near  the  lake  appears — 

790.  in  one  of  the  ridges  over  which  the  trail  passes.  It  seems  to 
make  up  a  large  part  of  the  ridge.  It  is  a  verj-  fine-grained,  gray, 
metamorphic  (?)  rock,  or  fine  basalt. 

Along  the  west  shore  of  Poplar  river  lake  are  two  exposures  of  the 
rock  No.  790,  and  from  the  fact  that  in  oue  place  a  lot  of  red  granite 
is  embraced  in  it,  it  is  judged  to  be  an  igneous  rock. 

791.  From  one  of  these  exposures,  which  is  almost  exactly  the  same 
as  790. 
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Although  there  is  abundance  of  drift  along  Poplar  river,  the  red 
boulders  are  almost  entirely  wanting. 

Square  lake  is  444  feet  above  Saganaga. 

Small  lake  is  437  feet  above  Saganaga. 

There  is  still  a  considerable  sprinkling  of  red  syenite  in  the  drift 
along  these  lakes.  New  varieties  of  rock  also  appear,  such  as  the  trap 
rocks  of  lake  Superior,  and  amygdaloid.  The  forest,  fire-killed  gener- 
ally since  leaving  Temperance  river,  is  still  standing.  Camp  lake  is 
425  feet  above  Saganaga. 

Smoke  lake  is  411  feet  above  Saganaga. 

Sunrise  lake  is  399  feet  above  Saganaga. 

Rice  lake  is  394  feet  above  Saganaga. 

Big  Lake  is  304  feet  above  Saganaga. 

There  are  rapids  between  all  these  lakes.  The  long  portage  from 
Rice  lake  S.  E.  is  wholly  over  drift,  no  rock  in  place  being  visible. 
The  same  is  true  of  the  three  portages  last  before.  The  country  is 
rolling  and  shows  many  boulders.  The  stream  leaving  Big  lake  is 
three  times  the  size  of  that  leaving  Rice  lake. 

Sucker  lake  is  274  feet  above  Saganaga. 

Poplar  river,  where  the  portage  from  Sucker  lake  strikes  it,  is  16  feet 
above  Saganaga.  The  portage  between  Big  lake  and  Sucker  lake  is 
wholly  over  drift,  showing  no  rock.  That  also  to  Poi)lar  river  is  over 
a  smooth  surface  of  drift,  without  once  showing  rock  in  place.  After 
a  descent  by  river  of  about  five  feet,  rapids  occur  which  have  a  further 
descent  of  40  feet,  bringing  the  river  here  to  the  level  of  29  feet  below 
lake  Saganaga.  After  a  further  descent  of  three  feet  by  river  the  last 
portage  begins,  leading  to  lake  Sui>erior,  which  is  found  by  the  series 
of  observations  to  be  737  feet  below  Saganaga,  or  179  feet  less  than 
the  series  of  aneroids  of  1878,  from  Grand  Portage. 

The  Sawteeth  Mountains  through  which  the  Poplar  river  passes  in 
a  narrow  deep  gorge,  rise  above  the  trail  which  runs  near  their  base 
563  feet,  and  1111  feet  above  lake  Superior. 

These  mountains  seem  to  be  made  up,  here,  of  the  trap-rock  of  the 
shore  series,  but  become  coarsely  crystalline,  or  porphyritic,  gradually, 
toward  the  top,  as  shown  by  samples  obtained  at  diflferent  elevations, 
viz: 

792.  From  the  foot  of  a  hill  facing  north  precipitously.  N.  E.  i. 
Sec.  20,  T.  60,  3  W.  on  Poplar  river.  This  is  a  high,  trap  hill,  like 
others  in  the  vicinity. 

793.  From  the  foot  of  the  last  hill  (or  nearest  Lake  Superior),  west 
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side  of  Poplar  river,  600  feet  above  the  lake,  similar  to  the  last.     A 
chrj'solitic  trap. 

794.  From  the  same  hill  one  fourth  way  up.  The  same  rock,  with 
an  occasional  crystal  of  twinned  feldspar  porphyritically  displaj-ed. 

795.  From  the  same  one  half  waj'  up.  The  same  rock  with  coarser 
feldspar  crystals. 

796  From  the  top  of  the  hill,  1111  feet  above  lake  Superior.  This 
is  the  same  rock,  with  more  abundant  coarse  feldspar  crystals,  the 
matrix,  which  constitutes  about  one  half  of  the  mass,  being  undis- 
tinguishable  from  the  rocks  793  and  794. 

There  may  be  beds  of  amygdaloid  in  this  hill,  but  none  were  seen. 
On  the  very  top  of  the  hill  is  red  clay  drift,  and  boulders,  and  the  last 
portage  trail  is  over  a  nice  plain  of  red  stony  clay,  gradually  descend- 
ing to  Lake  Superior — the  lower  half  of  it  being  suitable  for  farming. 
The  actual  connection  of  this  hill  with  the  rock  of  the  shore  is  not 
visible  along  the  trail  on  account  of  this  drift.  The  only  opportunity 
for  tracing  it  out  there  would  be  in  the  difficult,  if  not  impracticable, 
ascent  of  the  river  gorge  itself. 

Rocks  from  various  parts  of  the  State. 

797.  The  trap  of  Taylors  Falls,  (V.  S20.) 

798.  Porphyritic  trap,  of  Taylors  Falls. 

The  number  797  contains  nothing  that  prevents  it  being  <ilassed  as 
an  igneous  rock,  and  it  may  be  of  the  cupriferous,  but  the  latter  (798) 
has  hornblende  and  orthoclase,  as  well  as  epidote,  and  has  the  aspect 
of  a  met  amorphic  rock. 

799.  Light-colored  syenitic  granite.  Saganaga  lake:  The  first 
island  on  entering  the  lake  from  the  east ;  same  as  No.  316. 

800.  Syenitic  granite,  from  the  falls  of  Gunflint  river,  at  the  first 
portage  going  north  from  Gunflint  lake;  the  same  as  No.  315. 

801.  Gray,micaceous  syenite.  From  S.  E.  i.  Sec.  17,  T.  35,  R.  30, 
about  two  and  one  half  miles  S.  E.  of  St.  Cloud,  on  the  east  side  of  the 
Mississippi  river.  A  large,rounded  knoll  of  this  syenite  was  opened  in 
1881  by  Saulpaugh  &  Company  for  use  in  the  piers  of  the  R.  R. 
bridge  over  the  Missouri  at  Bismark.  It  is  a  rather  coarse  rock,  con- 
sisting mainly  of  quartz,  orthoclase,  hornblende  and  black  mica.  The 
orthoclase  is  only  in  part  flesh  colored,  the  rest  is  nearly  white.  This 
knoll  covers  25  or  30  acres  and  rises  about  20  feet  above  the  general 
surface,  the  longest  diameter  being  E.  and  W.  (a  little  N.  of  W.)  but 
oblong.  A  dyke  four  feet  wide  cuts  it  N.  E.  and  S.  W.  consisting  of 
heavy  trap  rock,  ver^'  fine  grained,  viz : 
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802.  Trap  dyke  cutting  No.  801  in  direction  S.  W.  and  N.  E. ;  4 
feet  wide.  This  rock,  being  much  jointed,  would  facilitate  the  quarry- 
ing of  No.  802,  had  the  quarry  been  started  along  side  of  it. 

803.  Red  quartzose  syenite  from  an  old  quarry  of  Breen  &  Young, 
E.  St.  Cloud.  In  general  the  '*red  granite''  at  E.  St.  Cloud  is  but  a 
small  part  of  the  whole  of  the  rock. 

Between  the  quarry  of  Breen  &  Young  and  that  lately  opened  by 
Saulpaugh  &  Co  ,  is  a  ridge  of  high  land  running  E.  and  W.  (nearly), 
which  seems  t«  consist  of  drift  materials. 

804.  Gneiss,  from  Granite  City.     (Garrison.) 

•   805.     Light  colored  syenite,  Watab,  like  No.  801,  but  rather  finer  in 
grain. 

806.  Light,  red  syenite,  Watab. 

These  last  two  numbers  represent  the  stone  going  intothe  piers  of 
the  Bismark  R.  R.  bridge,  quarried  here  also  by  Saulpaugh  &  Com- 
pany. The  gray  is  changed  to  the  red  in  an  interval  of  about  six 
inches.  The  north  portion  of  the  quarry  is  red,  and  the  rest  is  gray. 
These  two  numbers  seem  to  duplicate  numbers  801  and  803.  This 
range  of  syenite  runs  N.  and  S.  at  lejist  two  miles,  and  some  of  the 
knolls  rise  10  to  20  feet.  East  of  this  qujirrv  are  said  to  be  similar 
knolls,  some  of  them  rising  25  or  30  feet.     (V.  No.  835.) 

At  Duluth  the  rock  No.  43,  which  outcrops  near  the  railroad  in  the 
street  in  front  of  the  Engine  House,  where  it  has  been  quarried  lately 
for  use  in  the  basement  of  the  new  School-House,  and  extends  N.  E.  to 
the  falls  of  Kinichigaquag  creek,  makes  an  important  member  of  the 
rock  series  visible  on  the  hill-slope  at  that  point.  Much  of  it  is  bare» 
north-east  of  the  Engine  House,  within  the  limits  of  the  city,  show- 
ing, on  weathering,  a  finely  and  indistinctly  porphyritic  structure, 
but  in  the  main  it  is  a  massively  bedded,  homogeneous,  dark  rock, 
with  numerous  joints,  the  surface  being  frequently  glaciated. 

807.  Passing  toward  the  N.  W.  from  the  line  of  strike  of  No.  43, 
and  thus  onto  rocks  underlying  No.  43,  at  the  distance  of  about  one- 
fourth  mile,  (but  also  somewhat  to  the  westward)  a  rough,  blotched 
rock  is  found  spreading  over  a  considerable  area,  running  in  the  same 
general  direction  as  No.  43.  This,  in  general  color,  is  like  the  last,  but 
it  is  much  finer  in  grain,  and  owing  to  its  rough  and  blotched  exterior 
under  the  weather,  it  must  have  been  a  conglomerate  at  first.  Were 
it  not  for  this  blotched  exterior,  which  shows  a  variation  in  composi- 
tion, it  would  be  placed  at  first  in  the  general  class  of  fine  basalt,  or 
diabase — like  some  of  the  narrow  dykes,  or  like  the  rock  adjacent  to  a 
dyke  where  the  heat  has  baked  it  and  allowed  it  to  cool  rapidly,  leav- 
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ing  it  nearly  black  and  very  fine-grained.  This  conglomerate,  while 
closely  connected  with  the  gabbro  range,  is  unlike  anything  seen  in 
the  Cupriferous,  and  recalls  the  great  conglomerates  of  Ogishke  Muncie 
lake,  although  no  tendency  to  slatiness  can  be  seen  anywhere.  It  has 
occasional  light  quartzose  nodules,  somewhat  micaceous,  but  the  most 
of  the  pebbles  are  of  the  color  of  the  rock,  exceyjt  on  weathering.  In 
other  places,  by  reason  of  the  weathering,  and  the  fires  that  have  pre- 
vailed, a  red  banding  is  seen  rudely  conformable  with  the  supposed 
bedding,  which,  on  being  broken  reveals  a  texture  and  fracture  as  well 
as  color  and  hardness,  of  the  quartzytes  of  Pigeon  Point.  This  No. 
(807)  illustrates  this  gray  quartzyte,  but  not  the  general  character  of 
the  conglomerate. 

808.  Underlying  this  supposed  conglomerate  is  the  red  syenite,  or 
at  least  a  red  quartzless  rock,  (which  is  sometimes  brown  rather  than 
red)  wliich  is  associated  intimately  with  the  gabbro  at  Duluth.  This 
I'ed  rock  is  to  be  seen  in  irregular  patches  in  the  gabbro  on  the  hill- 
side ;  and  by  carefully  following  it  downward,  it  is  seen  to  outcrop 
along  the  bottom  of  the  creek  in  such  i)r()ximity  to  the  conglomerate, 
with  a  dip  S.  E.  as  to  throw  it  under  the  conglomerate,  unless  there 
be  in  some  way  unusual  irregularity  in  the  trend  and  extent  of  these 
beds.  The  red  rock  is  visible  under  the  bridge,  and  above  it  in  the 
creek,  on  the  diagonal  road  going  N.  toward  the  Weller  Farm,  ytt 
within  the  limits  of  Duluth.     (V.  Nos.  42  and  43.) 

By  following  the  strike  of  the  red  rock  westwardly  the  following 
facts  can  be  ascertained  by  anyone : 

1.  It  falls  away,  except  on  the  higher  slopes,  or  breaks  away  so  as 
to  disappear,  for  the  distance  of  about  half  a  mile,  though  a  lower 
strike  appears  near  Superior  street.     (No.  42.) 

2.  This  interval  is  followed  by  a  rock  showing  orthoclase  in  the 
gabbro,  as  well  as  quartz,  as  in  the  rock  at  the  Depot,  (No.  5) ;  and  in 
the  lower  sloi)es  N.  E.  of  the  the  Rice  Point  quarry,  this  character  is 
abundant.  This  seems  to  be  explicable  on  the  hypothesis  that  the 
gabbro  flowed  over,  fused  and  mingled  intimately  with  the  red  rock. 
But  it  may  be  of  a  lower  rock  horizon,  referable  to  the  horizon  of  the 
diorytes  and  their  associates  in  the  rocks  of  the  northeast  angle  of  the 
State.     (V.  Nos.  671  and  709.) 

3.  Thii  **red  rock"  which  is  in  much  of  its  area,  quartzless,  be- 
comes the  red  syenite  that  has  been  described  as  mingled  with  the 
gabbro,  then  showing  quartz.*     This  is  probably  due  to  the  complete 

•See  Proceedings  of  the  American  A990€ialion  for  the  Advancement  of  Science,  U?81.  Clncioaai 
Meeting. 


STATE   GEOLOGIST.  109 

fusion  of  the  original  sedimentary  beds,  allowing  the  otherwise  invisi- 
ble quartz,  disseminated  ervptomerously,  to  become  aggregated  in 
crystalline  grains.  At  points  more  distant  from  the  gabbro  the  only 
crystals  to  be  seen  consist  of  orthoclase,  or  of  orthoclase  and  changed 
hornblende.  The  numluT  SOS  represents  the  complete  crystallization 
of  the  elements,  and  is  fnmi  Newson's  old  quarry,  at  Duluth,  while 
Nos.  7  and  42  are  from  the  same  without  the  crystallization  of  the 
quartz. 

Owing  to  the  great  general  resemblance  of  the  conglomerate  (above) 
in  its  matrix  at  least,  to  the  rock  No.  43,  which  is  seen  in  front  of  the 
Engine  House  at  Duluth,  and  which  overlies  the  conglomerate  there  is 
reason  to  suppose  that  they  belong  together,  and  that  hence  they  are 
both  or  the  metamorphic  series.  If  the  red  rock  be  of  the  cupriferous, 
these  must  be,  since  the  former  runs  below  the  latter.  The  question 
then  arises,  why  is  this  dark-blue  or  black,  and  the  red  rock  red. 
This  cannot  be  due  to  greater  heating  and  baking,  which  sometimes 
has  been  the  cause  of  black  rocks,  locally,  as  described  on  the  Lake 
Sujyerior  shore,  in  No.  52,  and  at  other  points,  siiice  under  such  cir- 
cumstances the  red  rock  remains  red.  Hence  this  seems  to  be  due  to 
difference  of  original  constitution,  making  it  resemble  the  rocks  of  the 
Animikie  Group. 

809.  At  Boyle's  quarry,  on  the  railroad  above  Fond  du  Lac,  is  a 
layer  of  red  shale,  lying  in  the  heavy  sandrock,  which  is  much  like 
the  pipes  tone  from  Pipestone  county.  Its  greatest  thickness  is  sixteen 
inches,  and  it  extends  at  least  thirty  feet,  when  it  disappears  under 
the  drift  clay. 

At  the  quarry  on  Mission  Creek,  a  short  distance  above  Fond  du 
Lac,  in  the  light-colored  parts  of  the  sandrock  are  streaks  and  shades  of 
red  or  brown,  both  in  those  parts  having  oblique  sedimentation,  and 
in  those  having  horizontal.  In  some  cases  these  dark  streaks  embrace 
lenticular  pieces  of  shale,  in  which  case  the  central  parts  of  the  pieces 
embraced  are  red  or  brown,  and  the  outer  crust  is  green.  In  some 
pieces  the  whole  is  green,  or  has  a  very  faint  central  shade  of  red.  On 
the  contrary  in  the  brown  parts  such  red  or  brown  lumi)s  of  shale  are 
wholly  brown,  and  have  no  crust  of  green.  This  seems  to  show  that 
the  original  color  of  the  shale  lumps  was  red  or  brown,  r.nd  that  by 
some  chemical  reaction  those  in  the  lighter  beds  of  the  formation  have 
become  wholly  or  partly  green.  Thus,  green  specks  and  sometimes 
large  green  spots,  at  least  green  lumps  of  shale,  are  disseminated 
through  the  lighter  beds,  and  red  lumps  through  the  dark  brown  beds. 

810.  Coarsely  crj-stalline  "feldspar  rock"  from  two  and  a  half  or 
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three  miles  below  Beaver  Bay,  showing  coarse  lamination,  and  evi- 
dent striation.    (V.  No.  814.) 

811.  *'Red  granite,**  massive,  from  the  large  red  granite  island 
three  or  four  miles  below  Beaver  Bay  which  is  arched  on  the  lakeward 
side. 

812.  The  **palisade  rock,"  two  miles  west  of  the  Palisades,  S.  E.  i 
Sec.  32,  T.  56,  7  W.,  resembles  the  gray  slaty  rock  at  the  mouth  of 
Beaver  Creek.  In  some  places  the  Palisade  rock  here  has  the  appear- 
ance of  being  crumpled,  and  also  of  having  been  originally  in  some 
places  a  conglomerate.  Another  bluff  of  light-colored  Palisade  rock 
occurs  about  one  and  one -half  miles  west  of  the  Great  Palisades.  The 
trap  rock  which  occupies  the  coast  between  here  and  the  Great  Pali- 
sades, runs  under  this  Palisade  rock  toward  the  west.  It  shows  a 
broken  and  zigzag  line  of  junction  with  the  palisade  rock,  parts  of 
each  penetrating  the  other,  as  if  each  were  nearly  molten.  A  little 
further  west  it  also  embraces  masses  (say  ten  feet)  of  the  palisade 
rock,  hardened  and  blackened  by  quick  cooling,  showing  its  sedimen- 
tary (or  other)  closely  jointed  structure  in  marked  contrast  with  the 
massive  or  heavily  bedded,  non -con forming  layers  of  the  trap.  (V. 
No.  52.) 

The  west  end  of  the  Palisades  rises  over  the  greenish  and  reddish 
(and  then  amygdaloidal  or  red  porphyritic)  trap,  very  plainly. 

813.  (V.  140)  The  lowest  visible  part  of  the  rock  at  the  Great 
Palisades,  is  confused  and  crumpled,  in  the  same  manner  as  where  this 
rock  is  in  contact  with  trap  a  short  distance  further  west,  as  noted 
above.  Yet  it  is  veiy  difficult  to  see  the  underlying  trap,  on  account 
of  the  continuous  heavy  talus.  This  number  represents  the  red  banded 
felsite  from  the  bottom  of  the  Great  Palisades. 

There  is  apparently  a  continuous  belt  of  this  rock  underlying  the 
Palisades,  outcropping  in  a  narrow  belt  near  the  water.  It  is  mingled 
in  various  ways  with  a  crumpling  of  banded  rock  like  that  of  the  bulk 
of  the  Palisades  (139),  aud  with  crumpled  bands  of  light  color,  some 
of  which  stand  verticle,  or  are  curved  obliquely,  some  of  the  latter 
showing  a  porous  or  even  a  spongy  condition  due  to  the  solution  and 
removal  of -•some  of  the  minerals.  There  is  also  a  hard,  dark,  brittle, 
jSne  felsite,  though  porphyritic  like  the  rest,  but  occurring  in  nodul«y 
and  concentrically  banded  masses  which  endure  more  effectually  the 
weather.  They  seem  a  more  hard-heated  and  burnt  condition  of  the 
Palisade  rock.  Indeed  great  confusion  exists  at  the  bottom  of  the 
Palisades,  due  perhaps  to  the  forcible  injection  (as  laccolites)  of  igne- 
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ous  rock  below,  breaking,  crumpling,  baking,  fusing  and  metamorphos- 
ing rapidly  the  adjacent  beds.* 

814.  There  is  one  place  two  and  one  half  or  three  miles  east  of 
Beaver  Bay,  where  the  *Teldspar  rock**  is  bedded,  and  dips  easterly,  in 
all  respects  like  the  usual  trap  of  the  shore.  It  here  shows  also  a  con- 
fused mixture  with  the  trap,  in  which  in  other  places  it  seems  to  be 
(and  is)  embraced  as  isolated  masses,  as  at  Splitrock  Point.  This 
bedded  condition  is  very  evident  in  coming  from  the  N.  E.  as  the  con- 
spicuous surface  slopes  in  that  direction.  Narrow  dykes  of  fine- 
grained, gray  doleryte  cut  the  feldspar  rock.  One  dyke  is  six  inches 
wide,  and  one  is  about  nine.  They  are  about  parallel,  25  feet  apart 
and  run  E.  and  W.  by  compass.  The  feldspar  here  is  very  coarsely 
crystalline  and  is  represented  by  No.  810.  The  alternate  beds  consists 
of  bands  of  coarse  crystals,  succeeded  by  layers  of  fine  crystals  in  which 
are  also  numerous  grains  of  a  more  rapidl}-  disintegrating  mineral 
which  by  becoming  disseminated  stains  the  whole  of  a  green  color. 
This  disintegrating  mineral  seems  to  take  the  place  of  the  augrte  seen 
in  the  gabbro,  therefore,  the  bedding  is  an  alternation  of  gray,  coarse 
feldspar,  with  green,  decaying  gabbro.  No.  814  represents  the  felds- 
par stained  with  the  green-weatheriug  mineral.  The  bands  of  color  are 
from  three  to  six  inches,  fading  into  the  uncolored,  clear,  feldspar, 
above  and  below.  About  20  feet  of  this  bedded  feldspar  can  be  seen 
here.    (V.  694.) 

815.  From  the  same  place  as  814,  represents  the  gabbro  of  more 
massive  character  with  which  the  feldspar  (810  and  814)  is  confusedly 
mixed,  but  .between  which  there  is  not  seen  here  any  gradual  transi- 
tions. 

From  the  Palisades,  (and  Baptism  river)  to  Splitrock,  is  one  great 
igneous  bed,  which  by  appearing  and  disappearing  a^  the  waterline, 
seems  to  have  been  the  principal  agent  in  bringing  out  the  geology  and 
causing  topography.  It  lies  under  the  rock  of  the  Palisades,  and  under 
the  red  islands  &c.,  as  at  Beaver  Bay,  and  over  the  feldspar  knobs,  from 
both  of  which  it  has  derived  fragments.  The  metamorphosed  red 
shales  above,  making  the  red  series  of  crystalline  and  semi-crystalline 
rocks  of  the  shore,  were  apparently  brought  into  that  condition  by 
the  agency  of  this  igneous  rock,  but  the  relation  of  this  igneous  rock  to 
the  **feldspar  rock**  is  not  so  easily  ascertained.  It  is  certain  that  the 
gabbro  of  Rice's  Point  is  only  the  usual  condition  of  the  feldspar  rock, 


•The  immediate  proiimlty  of  igneou«rock,  along  the  coast  usually,  does  not  show  the  most  perfectly 
changed  and  crystalline  condition  of  the  sediraentaries.  nor  vice  ver§a;  but  when  large  bodies  of  either 
•re  Involved  the  crj'stals  are  bef^t  formed  Tlie  immediate  contact  Is  a  place  of  crypto*crystalline  rock, 
both  rocks  tending  to  suddenly  become  alike,  and  generally  almost  or  quite  black. 
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and  hence  that  the  gabbro  range  of  which  Rice  Point  is  the  western 
termination,  lies  below  many  feet  of  red,  metamorphic  sedimentary 
beds  that  apparently  belong  to  the  Cupriferous. 

816.  (V.  532  and  551.)  Pieces  of  rock  like  the  "Rice  Point  granite,'' 
embraced  with  evident  feldspar  boulders  also,  in  the  trap  at  Beaver 
Bay,  sometimes  in  large  blocks.  This  seems  to  be  the  same  rock  as 
the  **feldspar  rock"  or  a  variation  from  it.  Indeed  there  are  here  also 
masses  of  coarsely  crystalline,  green,  trap-rock  embraced  as  isolated 
blocks,  in  the  finer  green  trap.  T/ie  gabhro,  and  the  ^^ feldspar  rock" 
(dl  pre-existed ^  and  l>ore  the  same  relation  to  an  outflow  of  later  igneous 
rock.  This  point  shows  a  wonderfully  confused  and  brecciated  condi- 
tion prior  to  the  final  cementation. 

The  red  rock  appears,  at  Beaver  Bay,  as  pebbles  and  boulders  in  the 
dark  trap,  and  as  strings  and  veins.  It  is  in  contact  with  masses  of 
feldspar,  crowded  between  it  and  trap.  The  spots  and  masses  of  red 
rock  are  distributed,  in  some  cases  with  pieces  of  the  feldspar  rock, 
throughout  the  trap,  showing  the  accession  of  both  ingredients  when 
the  trap  was  molten,  and  even  contemporaneously.  The  **feldspar 
rock*'  is  derived  from  previously  hardened  outflows,  and  the  red  rock 
from  the  sedimentaries  at  the  locus  of  the  outflow.  It  is  true  that  a 
long  interval  of  time  may  have  elapsed  between  the  former  and  the 
later  outflows;  or  indeed  that  the  **feldspar  rock'*  is  of  an  entirely 
different  formation  earlier.  Any  older  formation  might  furnish  loose 
masses  to  an  outflow  of  trap. 

The  interesting  facts  about  Beaver  Bay  may  be  summarized  thus : 

1st.     The  feldspar  masses  ar*s  blocks  detached  from  their  parent  rock. 

2nd.  The  trap  in  which  they  are  embraced  is  in  some  places  much 
affected  b}-  the  infusion  of  minerals  from  the  sedimentaries,  and  then 
shows  a  reddish  color,  but  it  is  generally  of  a  greenish  or  greenish 
black  color. 

3rd.  Besides  this  effect  on  the  trap,  as  seen  near  the  mouth  of  the 
creek  on  the  north  side,  there  are  included  masses  of  red  syenite,  and 
of  the  ashen-brown,  or  purple,  rock  seen  near  the  mouth  of  the  creek. 
(Nos.  127  and  528.) 

4th.  These  red  masses  are  sometimes  in  contact  with  and  firmly 
cemented  as  by  fusion  to  the  feldspar  surfaces,  and  also  show  a  basal- 
tified  jointage. 

5th.  The  red  syenite  here  can  hardly  be  called  syenite  in  all  cases, 
but  is  instead  a  nearly  black  (at  least  a  dark  purplish)  fine-grained  rock 
which  in  outward  characters  resembles  the  Two  Harbor  rock,  but  at 
the  same  time  shows  translucent,  angular  grains  like   the   Palisade 
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rock.     This  fine-grained  conditiWIfceen  lyhen  it  is  near  the  rotting 
green  trap. 

6th.  The  red  syenite  here  was  apparently  at  first  a  red  conglomer- 
ate, showing  the  irregularities  of  color,  hardness  and  minerals  that 
such  a  metamorphism  produces. 

7th.  There  is  within  a  few  inches  a  passage  from  the  Ved  crystalline 
characters  of  the  bluff  on  the  south  side  of  the^rcek  to  those  of  the 
above  fine-grained  black  rock,  the  rock  being  one  continuous  mass. 

8th.     The  red  rock  is  not  only  a  metamorphosed  conglomerate,  but 
it  was  brecciated  and  then  mingled  with  the  trapiso  that  angular  pieces.^ 
iippear  in  the  trap  when  worn  off  by,  glaciatiof. 

yth.  The  red  rock  was  fluidized.  It  runs  jJbout  in  belts  and  v6ins, 
not  only  between  the  trap  and  the  **feldspar)ro^li^',  AiA  through  the 
trap,  but  also  through  the  **feldspar  rock.'*        ..,  i  ^, 

loth.  The  feldspar  rock  here  passes  into  gabbrp^  or  at  least  into  a 
rock  like  the  Rice  Point  rock,  ftid  then  it  is  more-  geneiially  mixed 
ivith  the  red  rock. 

11th.  On  close  examination  it  appears  that  even  as  "feldspar  rock" 
it  must  have  been  as  completely  molten  m  the  red  rock  itself. 

12th.  This  red  rock  also  appears  as  the  palisade  rock,  rising  in  a 
knob  near  the  creek,  on^he  north  side,  with  the  lithologic  characters 
;iud  joint  age,  and  translucent  grains  of  that  rock.      ^    • . 

13th.  Under  this  knob  lies  a  rotting  greeii  trap,  visible  on. the 
north  side.  A  little  further  east,  but  within  the  l)ay,-'tbi8  green  trap^ 
jilthough  basaltified,  is  beautifully  mottled  and  striped  with.ihe  red 
rock. 

14th.  Still  further  east,  on  the  north  shore  of  theibay,  the  green 
trap  holds  both  red  masses  of  the  sedimentarief'  and  white  masses  of 
the  feldspar  rock,  the  latter  being,  however,  more  nearly  like  the 
Kice  Point  rock,  at  least  in  some  large  mass^s-f-yet  much  of  it  is  un- 
mixed and  clean  feldspar.  *     •,  ^ 

The  above  observations,  carefully  made  at  Beaver  Bay,  seem  to  de- 
cide certain  points  that  l)efore  were  largely  luiBDthetical,  or  were  based 
on  generalizations  from,  a  grand  review  of  Wc  geology  of  the  "north   ' 
shore,*'  and  not  on  special  and  minute  study  ii>f  the  notes  ihade  or  of 
the  specimens  collected.  : 

CI.)  The  Great  Palisades  are  of  a  rock,  the  equivalent,  geologically, 
of  the  slaty  .quartzyte  (Nos.  127  and  528)  at  Beaver  Bay  and  below 
that  point;  and  to  the  red  syenite  of  the  islands  below  Beaver  Bay^ 
and  of  the  west  bluff  of  Brfkver  Bay;  and  to  the  red  (often  quartzless)  [ 
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rock  associated  with  the  gabbro  at  Duluth.  These  beds  also  consti- 
tute  the  red  bluffs  at  Tischer's  and  New  London,  as  well  as  the  red 
rocks  at  Baptism  river,  and  the  eastern  palisades.  In  a  number  of  in- 
stances the  bottom  of  this  great  red  (metamorphosed)  shale  has  been 
found  to  be  a  conglomerate. 

(2. )  The  feldspar  masses  are  of  the  same  rock  (geologically)  as  the 
Rice  Point  gabbro,  and  both  are  the  result  of  copious,  and  perhaps^ 
one  of  the  earliest,  igneous  outflows  of  the  Cupriferous.  The  more 
copious  the  igneous  outflow,  the  coarser  the  resulting  crystal ization 
and  the  higher  the  hills  formed,  as  well  as  the  purer  the  labradorite 
material.  The  later  outflows  derived  fragments  from  the  * 'clinker 
fields"  and  from  the  knobs  of  feldspar  already  formed,  as  they  passed 
along;  and  when  these  had  been  covered  by  later  sedimentation  such 
sedimentary  beds  were  also  involved  in  the  later  upheavals  and  fusions, 
(V.  Xo.  817.) 

(3.)  It  seems  as  if  an  igneous  outflow, — perhaps  the  great  labrado- 
rite— was  thrust  laterally  under  the  sedimentary  beds  that  went  to 
form  the  palisades,  heaving  uj)  those  beds,  and  sometimes  fusing  them, 
and  mingling  with  them,  as  seen  near  New  London  and  at  Beaver 
Bay,  though  no  such  evidence  can  be  cited  to  show  the  laccolite  for- 
mation in  later  strata.     (V.  No.  521.) 

It  must  be  admitted  that  it  is  not  at  all  certain  that  the  labradorite 
outflow  was  the  earliest,  so  far  as  the  observations  go.  It  is  simply 
the  most  conspicuous,  and  seems  to  lie  nearest  the  Huronian.  Besides 
this  it  is  still  a  question  whether  the  green  basaltic  traps,  as  at  the 
east  side  of  Beaver  Bay,  and  as  that  coming  out  from  under  the  Great 
Palisades,  or  the  melaphyr-like  traps  as  at  Petit  and  Grand  Marais,  can 
be  shown  to  pass  into  the  gabbro  without  the  intervention  of  any 
change  but  difference  of  proximity  to  the  center  of  outflow.  It  is 
probable  that  such  a  gradation  can  be  shown,  the  rock  at  Knife  River 
Point  being  an  intermediate  step,  and  that  at  Encampment  Island  an- 
other. 

To  illustrate  the  steps  in  the  change  from  the  feldspar  rock  to  the 
gabbro,  reference  may  also  be  made  to  several  large  masses  lying  in 
the  water  near  the  red  bluff  at  the  west  point  of  Beaver  Bay  on  the 
east  side  of  the  bluff. 

817.  Hardened  shale,  from  a  brecciated,  semi-metamorphosed  red- 
tlish  conglomerate  at  Two  Harbor  Bay,  lying  immediately  over  the 
Two  Harbor  rock,  and  immediately  under  heavy  green  doleryte  con- 
taining masses  of  feldspar,  (V.  No.  525.)  This  shale  is  charged  with 
laumontite.     Certain  blotches  are  charged  with  it,  particularly  in  the 


STATE   GEOLOGIST.  115 

form  of  amygdaloid,  the  cavities  being  about  one-fourth  inch,  and 
less,  in  diameter.  The  blotches,  or  spots,  make  up  sometimes  the 
most  of  the  rock.  They  are  without  any  order  of  arrangement.  In- 
tercallated  amongst  them  are  laminated  patches  and  seams  of  red  ma- 
terial which  is  fine-grained,  and  was  probably  a  shale  at  first,  dis- 
seminated amongst  a  coarse  conglomerate  in  the  same  manner  as  shale 
is  often  seen  disseminated  throughout  a  conglomerate,  (as  at  Manitou 
river);  the  laminae  being  parallel  with  the  general  dip.  Of  this  con- 
glomerate breccia  thirty -five  feet  are  to  be  seen. 

The  bottom  of  the  overlying  trap  is  a  perfect  pudding-stone  of  pieces 
oi  gabbro  and  feldspar  masses.  The  largest  mass  of  **feldspar  rock" 
at  the  point  east  of  Two  Harbor  Bay  shows  a  bedded,  at  least  a  banded, 
structure  running  nearly  perpendicular  from  top  to  bottom,  similar  to 
that  described  east  of  Beaver  Bay  (No.  814.)  It  is  crossed  obliquely 
by  an  old  dyke,  which  dyke  is  faulted,  about  midway  of  the  bluff, 
about  two  feet,  A  small  dvke  also  runs  near  the  water  about  horizon- 
tal,  derived  from  the  trap  at  the  left  which,  near  the  water,  seems  to 
run  below  the  feldspar.  This  lower  part  of  the  trap  holds  a  piece  of 
the  red  syenite,  near  the  water  level. 

As  to  the  **Two  Harbor  rock,"  its  character  and  origin  are  still  to 
be  determined  by  more  minute  examination  of  the  samples  collected, 
and  by  further  field  observations.  It  has  been  referred  to  as  a  me- 
tamorphic  rock,  in  some  of  these  notes,  but  it  has  also  very  much  the 
aspect  of  a  fine-grained,  igneous  rock.  It  has  the  jointage,  as  well  as 
the  general  homogeneity  of  trap,  and  the  red  bands  crossing  it,  and 
the  geodic  spots  seen  on  its  surface,  perhaps,  have  originated  from  the 
overlying  sedimentar}'  conglomerate.  It  does  not  have  the  appearance 
of  being,  exactly,  the  equivalent  of  the  quartzless  red  rock  at  Duluth, 
but  it  must  occupy  very  nearly  the  same  strati  graphic  position. 

818.  On  the  east  side  of  Splitrock  Point  is  a  grand  pudding-stone 
of  feldspar,  gabbro  and  dark-trap  masses  cemented  still  by  a  dark  trap. 
The  most  of  the  so-called  feldspar  here  is  really  gabbro,  very  much 
like  the  Rice  Point  rock.  This  number  is  from  such  gabbro-like 
pieces. 

East  of  this  point,  but  within  the  same  bay,  are  feldspar  masses  that 
show  the  green  banding  or  bedding.  The  bands  run  nearly  perpen- 
dicular. The  lighter-colored  bands  are  much  more  coarsely  crystalline 
than  the  darker,  which  is  also  true  at  the  point  two  and  a  half  or  three 
miles  east  of  Beaver  Bay,  (814.)  This  is  also  cut  by  dykes  and  gener- 
ally mingled  with  the  matrix  of  dark  trap  in  great  confusion. 

819.  From  the  top  of  the  high  hill  back  of  Silver  Creek — the  high- 


116  TENTH  ANNUAL   REPORT 

est  hill  near  the  mouth  of  the  creek,  yet  on  the  west  side,  rising  415 
feet  above  the  lake,  though  at  a  mile  further  back  it  rises  perhaps  150 
feet  higher. 

At  Flood  Bay  (next  east  of  Burlington  Bay)  are  frequent  slabs  of 
laumontitic  sedimentary  shale  strewn  on  the  beach  on  the  east  side. 
They  are  at  the  same  time  sandy,  of  a  brick  red  color,  with  spots  of 
lighter  red,  and  of  green,  like  the  Fond  du  Lac  sandstones  The 
amygdules  consist  of  calcite  and  laumontite,  but  principally  the  former. 
Some  of  these  slabs  have  distinct  markings  of  fucoidal  stems,  some  of 
them  being  large  and  long.  As  these  slabs  are  evidently  from  the  for- 
mation that  forms  the  shore  line  generally,  though  where  they  are 
found  no  rock  bluff  is  exposed,  they  unmistakably  prove  the  sedimen- 
tary origin  of  the  red  laumontitic  amygdaloids  so  common  on  the  north 
shore,  in  another  line  of  evidence. 

820.  Trap  rock,  at  the  railroad  cut,  Taylor's  Falls.     This  is  crys- 
talline, tough,  greenish  with  that  internal  structure  that  Prof.  Pump- 
elly  assigns  to  melaphyr,  i.  e.  there  are  almost  imperceptible  forms  of 
crj'stals  that  permeate  the  ropk,  and  are  so  completel}^  filled  with  the 
other  constituents  of  the  rock  that  they  do  not  appear  distinctly-  till 
the  rock  is  weathered.     They  are  generally  about  one-third  or  one- 
fourth  inch  in  diameter,  but  they  do  not  show  any  angles,  and  they  do 
not  have  the  color  of  pyroxene.     When  they  are  distinctly  brought 
out  they  are  seen  as  spots  that  completely  speck  the  face  of  the  bluff. 
They  disintegrate  more  rapidly  than  the  rest  of  the  rock,  sometimes 
assuming  a  green  chloritic  character  that  causes  them  to  make  little 
pits  as  large  as  a  pea  all  over  the  surface,  due  to  the  more  rapid  re- 
moval of  this  green  mineral;  and  sometimes  they  become  gray  gradu- 
ally, giving  the  appearance  of  nodules  of  siderite  disseminated  through 
the  whole. 

821.  Shows  the  green- weathered  spots  of  the  rock  No.  820.  The 
change  to  the  geen  mineral  takes  place  at  depths  often  to  twenty  feet 
below  the  surface,  in  the  railroad  cut. 

822.  Shows  the  gray-weathered  spots  of  the  rock  820.  This  takes 
place  nearer  the  natural  surface  of  the  ground,  and  at  the  surface. 

In  No.  820  are  seen  sometimes  small  pebble-like  lumps  of  red  jasper, 
and  larger  deposits  of  chalcedony,  the  latter  sometimes  being  elongated 
lentieularly,  some  like  gash  veins,  four  or  five  inches  The  chalce- 
dony also  appears  as  pebble-like  masses  and  as  filling  ^to  scattered 
cavities  somewhat  in  the  manner  of  amygdaloid.  Coating  the  joints, 
which  are  often  slickensided,  is  frequently  a  green  slippery  mineral 
like  delessite.      Sometimes  the  chalcedony  is  more  pure  quartz,  and  is 
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mingled  sparsely,  with  calcite.  These  characters  are  those  of  an  igne- 
ous rock,  and  at  the  same  time  this  rock  diflFers  quite  distinctly  from 
the  gabbro  at  Diiluth.  The  jasper  and  chalcedony  recall  the  dissemin- 
ated red  jasper  and  quartz  pebbles  of  the  conglomerate  at  Ogishke 
Muncie  lake 

823.  Pebbles  from  the  conglomerate  forming  the  lower  part  of  the 
bluiF  excavated  by  the  raih-oad  where  it  crosses  the  highway  south  of 
Taylor's  Falls.  The  bluff  here  is  red -spotted  and  composed  of  a  curious, 
coarse,  conglomerate.  It  is  dark-colored  generally,  lookihg  some  like 
the  trap  formation  about  Taylor's  Falls,  but  the  jointage  and  the  tex- 
ture are  different  Some  of  the  surfaces  are  variegated  with  coatings 
of  green,  radiated  malachite,  and  some  are  stained  green  without  show- 
ing evidently  the  mineral  producing  the  color.  Some  also  are  nearly 
black  and  some  jasper-red.  It  is  in  some  spots  coarsely  vesicular,  or 
like  pumice,  or  like  amygdaloid.  The  amygdules  received  quartz 
at  first,  (as  shown  by  the  perfect  terminations  of  crystals)  and  subse- 
quently calcite  and  chlorite.  Some  of  it  is  haematitic,  and  has  a 
streak  of  red.  It  was  here  evidently  a  shale -conglomerate,  but  it  has 
the  appearance  of  having  been  heated  and  hardened,  as  well  as  mixed 
perhaps  with  igneous  matter.  In  some  places  it  is  fine  and  crumbles 
like  a  dry  shale.  In  some  places  its  conglomeritic  composition  appears 
on  weathering,  the  little  rounded  pebbles  (of  hardened  shale,  or  of  fine 
argillaceous  quartzyte),  rolling  out  entire.  The  pebbles  have  a  great 
resemblance  to  the  rock  itself,  but  there  are  none  of  quartz.  They 
are  somewhat  changed  by  decay. 

824.  The  upper  portion  of  this  bluff  consists  also  of  a  curious  con- 
glomerate, the  matrix  of  which  is  represented  by  this  number.  It  is 
a  completely  crystalline  dolomite  (apparently,  though  not  yet  anal- 
)'zed)  which  effervesces  in  acid  when  powdered,  and  which  contains 
fossils  of  LIngulcp  &c.,  and  nodules  of  course  calcite  crystals.  Every 
grain  is  a  perfect  crystal;  but  in  the  upper  part  of  the  bluff  this  matrix 
becomes  free  from  pebbles,  and  forms  beds  of  dolomite  like  that  seen 
in  numerous  other  places  along  the  St.  Croix  valley. 

825.  The  great  bulk  of  this  upper  portion  is  made  up  of  boulders 
contained  in  No.  824,  of  which  825  is  a  sample.  They  have  been  said 
to  have  come  from  the  **trap'*  of  the  region,  and  perhaps  they  do,  but 
they  are  not  like  the  rock  820.  They  are  sub-angular  and  somewhat 
rotted.  They  are  porphyries,  of  a  green  color,  (now)  or  are  homoge- 
neous, resembling  some  of  the  rock  seen  in  the  Huronian.  It  is  in 
these  boulders  that  the  green  coatings  of  malachite  are  seen. 

This  conglomerate,  which  has  its  lower  portions  quite  different  from 
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the  upper,  can  hardly  be  separated  into  two  by  any  distinct  line  of 
superposition.  The  matrix  of  the  upper  portion  runs  below  parts  that 
resemble,  and  indeed  are  the  same  as  the  conglomerate  of  the  lower, 
while  some  masses  above,  embraced  in  this  matrix,  seem  to  be  like  the 
underlying  conglomerate,  and  crumble  in  the  same  way.  The  lower 
characters  occupy  a  thickness,  visibly,  of  six  feet,  at  the  highway  cross- 
ing, though  in  ascending  the  hill  toward  the  north,  it  probably  in- 
creases, while  the  upper  characters  have  a  thickness  of  probably  75 
feet,  rising  to  the  top  of  the  hill  further  north.  Yet  this  interval  is 
not  all  visible. 

826.     At  the  top  of  the  hill  north  from  the  last,  in  front  of  Mr. 
Folsom*s  house,  the  rock  820  shows  an  alternate  banding  that  resem- 
bles stratification,  and  would  ordinarily  be  taken  for  that.   This  is  seen 
over  the  surface  of  one  or  two  square  rods.     The  rock  in  general  here 
is  smoothed  off  by  glaciation,  and  this  character  comes  out  distinctly 
on  the  planed  surface.     It  is  less  coarsely  pitted  by  the  weathering 
out  of  the  invisible  crystals  than  at  the  R.  R.  cut.     Indeed  the  band- 
ing that  simulates  that  of  sedimentation,  consists  in  finely  pitted  belts 
on  the  surface  of  the  rock  alternating  with  non-pitted  bands.    The  dip, 
if  this  structure  be  due  to  original  sedimentation,  is  M.  J!i.  about  45^  in 
amount,  as  evinced  by  a  thin  layering  that  slopes  in  that  direction,  and 
which  has  a  tendency  to  split  in  beds  from  one  inch  to  six  inches  thick 
coincident  with  this  banding.     The  rock  here  also  contains  chalcedony 
nodules  and  is  scatteringly  porphyritic,  resembling  thus  the  pieces 
found  in  the  upper  portion  of  the  conglomerate.  No.  825. 

The  rock  that  forms  the  rapids  in  St.  Croix  river,  half  a  mile  above 
the  town  of  Taylor's  Falls,  is  essentially  the  same  as  that  in  the  R.  R. 
cut,  but  is  less  coarsely  and  conspicuously  pitted  by  the  weathering 
and  decay  of  the  invisible  crystals  supposed  to  be  pyroxene.  It  is 
more  frequently  supplied  with  quartz,  either  white  or  chalcedonic, 
than  the  other,  and  is  also  striped  with  red  granite,  or  at  least  with  a 
red  mineral  in  blotches  and  vein -like  deposits  like  flesh -red  orthoclase, 
which  is  also  mingled  with  white  quartz.  Along  the  river  gorge  this 
rock  weathers  and  crumbles  globuliferously,  much  like  the  trap-rock 
seen  on  the  north  shore.  It  has  a  course  and  irregular  jointage,  and 
sometimes  a  conchoidal  fracture.  It  is  not  truly  basaltic,  even  in  the 
Dalles,  like  the  basalt  of  Grand  Marais;  yet  there  are  in  some  places 
frequent  perpendicular  joints  that  divide  it  into  columns.  These  are 
cut  nearly  horrizontally  by  other  joints.  Hence  coarse  columns  result 
from  weathering,  which  are  broken  horizontally  into  cuboidal  or 
rhomboidal  masses.     The  banding  which  looks  like  sedimentation. 
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near  Mr.  Folsom's,  does  not  appear  generally, — indeed  is  not  known  to 
occur  at  any  other  place. 

827.  From  the  lower  portion  of  the  conglomerate,  showing  the  con- 
tained pebbles  and  the  matrix  which  seems  to  be  of  the  nature  of 
igneous  rock,  from  the  top  of  the  hill  east  of  the  R.  R.  crossing  of  the 
highway. 

828.  Samples  of  the  finer  part  of  this  conglomerate  where  the 
cement  is  not  igneous,  from  the  same  place. 

Concerning  this  conglomera^^^e  certain  things  can  be  definitely  stated, 
viz: 

1.  It  is  extensive,  and  spreads  widely  northwestward,  even  rising  to 
the  tops  of  the  hills  toward  the  shaft  sunk  by  Mr.  Taylor.  It  appears 
in  the  street,  and  in  the  yard  of  W.  H.  Cummings,  where  it  is  so  firm 
iind  bold  in  its  outlines,  as  to  appear  to  be  of  the  real  trap  formation  of 
the  region. 

2.  It  contains  water  worn  boulders  and  trap  of  the  region,  some  of 
them  being  porphyries  and  some  not,  thus  showing  the  agency  of  wa- 
ter in  its  origin. 

3.  The  cementing  material  is,  in  the  main  rock,  very  much  like  the 
boulders,  but  finer-grained,  and  sometimes  amygdaloidal,  thus  indicat- 
ing a  possible  igneous  agency  in  the  origination  of  thhse  parts. 

4.  It  is  coarser  in  its  composition  near  the  trap-rock  outcrops  than 
at  a  distance  from  them ;  yet  the  superposition  of  the  conglomerate  on 
the  trap  cannot  actually  be  seen. 

A  short  distance  above  Taylor's  Falls,  at  an  old  quarry  in  the  blufi" 
of  the  river,  the  upper  part  of  the  conglomerate  is  so  fine  as  to  make  a 
regularly  bedded  rock  about  twelve  feet  thick,  and  passes  for  a  sand- 
rock.  It  here  contains  Lingulcp,  (Discina?)  and  an  occasional  small 
trilobite.  Below  it  becomes  coarser  and  embraces  half-rotted  pebbles 
and  boulders  from  the  trap.  The  matrix  here  also  contains  grit,  some 
of  the  pebbles  also  being  of  quartz. 

On  the  Wisconsin  side  the  trap  is  in  outcrop  in  a  large  ridge  al)out 
four  miles  below  Franconia,  along  the  road  to  Osceola.  At  Franconia 
the  sandrock  runs  down  to  the  level  of  the  river;  near  the  bottom  it  is 
greenish-blue  and  shaly,  and  sheds  water.  This  shaly  impervious 
stratum  extends  down  the  shore  below  Franconia,  and  is  visible  along 
near  the  water-level  on  the  west  side  of  the  river,  rising  sometimes  ten 
feet  above  it.  On  Lawrence  creek,  near  the  Franconia  Mills,  is  a  bluff 
which  overhangs,  on  account  of  the  crumbling  out  of  the  loose  sand 
below.  In  the  crumbling  part  are  numerous  laminations  of  bluish 
shale  which  cut  the  sand  into  lenticular  beds  or  patches,  and  the  sand 


120  TENTH  ANNUAL  BEPORT 

itself  is  cross-bedded.  In  the  crumbling  sand  are  thousands  of  little 
Lingulce,  and  Discincp. 

829.  A  mile  and  a  half  below  Franconia  is  an  isolated  bluff,  rising 
45  feet  above  the  river,  composed  of  the  curious  conglomerate  seen  at 
Taylor's  Falls.  It  here  presents  the  same  mingling  of  characters  that 
may  be  referred  to  igneous  and  sedimentary  origins.  The  great  mass 
consists  of  trap  boulders,  considerably  rotted,  some  of  which  are  as 
large  as  a  barrel.  In  the  coarser  portions  of  the  conglomerate  the 
cementing  material  is  a  finer  conglomerate  of  pebbles  of  the  same  kind 
of  rock,  and  in  other  portions  it  is  a  fossiliferous  ferruginous,  gritty  or 
magnesian  sediment,  the  fossils  of  which  are  the  same  as  those  seen  in 
the  crumbling  sand  at  Franconia,  and  sometimes  apparently  an  amj^g- 
daloid.  The  change  that  has  taken  place  in  the  original  structure  of 
the  conglomerate  by  partial  decay,  and  perhaps  by  heat,  makes  it 
often  diflScult  to  distinguish  between  the  pebbles  and  boulders,  and  the 

• 

cementing  material.  The  lower  portions,  if  any,  are  those  that  seem 
to  have  been  cemented  by  the  action  of  heat.  A  specimen  was  here 
obtained  of  an  amygdaloidal  part  (of  the  cement  ?)  which  contained 
fossil  shells  within  less  than  half  an  inch  of  the  amygdaloid,  both  of 
which,  were  it  not  for  the  contradiction  involved,  would  be  pronounced 
to  belong  to  the  cementing  material. 

In  conclusion,  judging  from  the  facts  here  recorded,  this  conglom- 
erate shows  evidences  of  some  kind  of  metamorphic  action  in  its  lower 
portions,  but  the  phosphatic  shells  penetrate  far  down  into  it  and 
occur  even  amongst  the  metamorphic  characters.  The  evidence  that 
this  conglomerate  was  formed  under  water,  even  its  lower  portions^ 
consists  in  the  rounded  forms  of  the  contained  boulders,  while  the 
aqueous  conditions  of  the  upper  portions  are  plainly  shown  by  the 
shells,  and  by  the  fact  that  further  up  in  the  formation  it  graduates  to 
a  fine  conglomerate  and  to  dolomitic  sand  rock.  (Samples  829  repre- 
sent some  of  the  finer  portions  of  the  conglomerate.) 

830.  At  Sioux  Falls,  Dakota,  may  be  seen  a  light-colored  schist,  of 
a  talcose  character,  and  pea-green  color  fading  to  nearly  white,  similar 
to  that  seen  at  Baraboo  in  connection  with  the  quartzyte  bluffs.  It 
here  lies  in  the  rock  and  becomes  a  white  catlimite.  Below  the  pres- 
ent level  of  the  water  of  the  dam,  but  formerly  exposed  above  the 
water,  is  a  layer  of  white,  or  pinkish -white  catlinite,  four  feet  thick, 
embraced  in  the  rock  that  produces  the  falls. 

831.  Samples  of  spotted-red  quartzyte,  like  that  at  Sault  Ste  Marie, 
Michigan,  and  like  some  parts  of  the  Fond  du  Lac  sandstone,  showing 
a  probable  identity  of  the  geological  horizons  at  those  places.    It  is 
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possible  that  these  light-colored  spots  are  caused  by  the  absorption  of 
the  iron  through  chemical  change,  and  that  by  careful  examination 
the  cementing  material  would  be  found  to  be  feldspathic. 

The  red  quartzyte  formation  at  Sioux  Falls  dips  6  to  8  degrees  to  the 
south.  The  beds  are  purple  within,  especially  the  thick  ones,  but 
toward  the  outside,  and  along  the  joints,  they  are  changed  in  color  to 
a  rose  red,  or  a  pinkish  red.  None  of  the  brick-red,  heavily  iron- 
stained  color  can  be  seen.  The  change  that  takes  place  by  weathering 
not  only  changes  the  color  but  also  the  hardness,  so  that  the  rock  goes 
into  a  loose  sandrock  again  and  crumbles  in  the  hand.  This  takes 
place  to  so  large  an  extent  that  in  suitable  places  it  is  gathered  and 
used  for  mortar.  There  are  also  some  beds  that  are  wholly  now,  (so 
far  as  can  be  seen)  in  this  friable  condition.  The  sand  that  results  is 
a  pure  selica,  nearly  white,  and  translucent,  though  it  is  apt  to  show 
at  first  a  slight  pinkish  tint  rising  from  the  remains  of  the  cement 
among  the  grains.  There  is  visible  here,  of  the  bedding,  fifty  feet, 
(estimated)  and  the  river  goes  over  the  beds  from  south  to  north,  pro- 
ducing a  fine  water  power.  In  one  place  there  is  a  gorge  fifteen  feet 
high  and  from  seventy-five  to  eighty  feet  wide. 

832.  Spotted  (amj'gdaloidal  ?)  samples  of  the  brick-red  quartzyte 
from  Redstone,  near  New  Ulm. 

833.  Red  shale,  the  lowest  rock  seen  in  the  R.  R.  cut  at  Redstone. 
This  is  four  or  five  feet  thick,  the  upper  portions  being  rather  slaty  and 
tough.  Some  of  the  higher  layers  are  sandy  from  disintegration  as  at 
Sioux  Falls,  and  some  are  hard  and  quarzitic,  and  all  are  of  a  darker 
red  color.  Some  beds  are  spotted,  perhaps  from  an  incipient  amygda- 
loidal  structure.  Mr.  Nicholas  Thinnes,  who  first  opened  the  quarry 
at  Redstone  in  1857,  avers  that  some  of  the  rock  of  the  formation  here 
is  "granit,**  the  same  as  some  of  that  at  Little  Rock,  a  fact  which,  if 
verified,  will  unite  the  formation  with  that,  and  will  show  its  analogy 
to  those  tilted  red  semi-crj-stalline  beds  in  the  northern  part  of  the 
state  (V.  Nos.  783  to  785.)  But  this  crystalline  structure  has  not  been 
seen  at  Redstone  by  any  member  of  the  geological  survey. 

834.  Slab  of  red  quartzyte  from  Sioux  Falls,  showing  the  finely 
pitted  exterior  of  the  individual  sand  grains  on  the  removal  of  the 
white  schist,  No.  830. 

b35.  Gray,  coarse-grained  granite,  in  color  much  like  the  gabbro  at 
Duluth,  from  the  E.  St.  Cloud  quarries.  This  was  formerly  used  in 
connection  with  the  rocks  803  and  the  finer  grained  gray  granite  like 
that  at  Sauk  Rapids  indiscriminately  for  construction,  but  owing  to 
its  large  content  of  quartz,  it  has  been  abandoned  for  those  varieties 
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more  easily  wrought.  All  these  sorts  are  to  be  seen  in  the  trimmings 
of  the  Custom  House  at  St.  Paul.  But  that  now  generally  used  is  to  be 
seen  in  the  trimmings  of  the  New  Union  Depot,  at  the  same  place. 

836.  The  pink  quartzyte  known  as  the  "jasper  rock"  locally,  from 
Sioux  Falls,  Dakota.  This  is  a  pinkish  granular  quartzyte,  but  with 
a  cement  that,  on  disintegration,  allows  the.  rock  to  become  a  white 
sand. 
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111. 

THE  POTSDAM  SANDSTONE. 


It  is  well  known  that  geologists  are  not  agreed  on  the  question : 
**  What  is  the  western  representative  of  the  Potsdam  sandstone  of  New 
York  State?"  The  correct  determination  of  this  interesting  problem 
has  an  important  bearing  on  the  interpretation  of  the  stratigraphy  of 
Minnesota  geology,  inasmuch  as  all  the  different  horizons  involved  in 
the  investigation  are  widely  represented  in  the  State.  Those  horizons 
are  as  follows  in  descending  order: 

1.  The  light-colored  sandstones  seen  in  the  Mississippi  river  bluifs, 
and  the  bluffs  of  the  St.  Croix,  from  Taylor's  Falls  to  Winona,  con- 
taining species  of  Lingulce  and  trilobites,  generally  distinguished  by 
this  survey  as  the  St.  Croix  Sandatone. 

2.  The  red  and  light-colored  horizontal  sandstones  that  bound  the 
south  shore  of  Lake  Superior  throughout  most  of  Wisconsin,  and 
much  of  Michigan,  extending  from  Sault  St.  Mary  to  Fond  du  Lac, 
holding  fucoids  and  S eolith  us. 

3  The  red  sandstones  and  shales,  with  the  associated  conglomerates 
that  are  involved  with  the  trap-rocks  of  Lake  Superior,  furnishing 
metallic  copper,  lately  known  as  the  Keweenkn  formation. 

At  diflFerent  places  Nos.  1  and  2  have  been  seen  unconformably  over- 
lying portions  of  No.  3,  and  in  others  No.  3  has  been  seen  passing  into 
No.  2,  or  at  least  into  a  sandrock  that  was  taken  for  No.  2,  while  No. 
2  itself  seems  to  be  the  equivalent  of  beds  that  in  other  places  repre- 
sent No.  1. 

While  it  is  perhaps  impossible  at  this  time  to  state  which  of  these 
three,  or  which  two  of  these  three,  have  the  greater  amount  of  evi- 
dence in  their  favor,  it  will  conduce  to  the  progress  of  the  investiga- 
tion to  ascertain  and  collate  some  of  the  facts  that  bear  on  the  geology 
of  this  disputed  terrane,  and  to  review  briefly  the  progress  of  opinion 
and  investigation  in  the  Lake  Superior  region.  In  the  light  of  late 
explorations  in  the  West,  and  of  late  investigations  in  the  East,  per- 
haps it  will  be  possible  to  reach  more  nearly  a  correct  conclusion  than 
at  any  other  time.     In  the  first  place  it  will  be  well  to  summarize  the 
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opinions  held  by  diflferent  geologists  who  have  expressed  any  opinions 
respecting  the  Potsdam  sandstone  of  the  West.  There  was  a  school  of 
geologists  between  1840  and  1858  who  regarded  the  Lake  Superior 
sandstones  as  not  of  the  Lower  Silurian,  and  some  are  found  even  to 
this  day.  They  were  not  united  among  themselves,  but  were  divided 
between  Jurasso-Triassic,  Devonian,  Upper  Silurian  and  Carboniferous. 
After  the  investiga  ions  of  Dr.  D.  D.  Owen  and  the  report  of  Foster 
&  Whitney,  unprejudiced  geologists  very  generally  accepted  the  con- 
clusion that  they  are  of  the  Lower  Silurian,  and  lately  the  facts  re- 
corded by  Dr.  C.  Rominger  seem  to  place  their  Lower  Silurian  age 
beyond  doubt.  Thus  the  question  is  brought  within  narrower  limits 
and  the  doubt  that  still  exists  pertans  only  to  their  exact  horizon  in 
the  Lower  Silurian,  or  in  other  words,  where  in  the  West  the  Potsdam 
sandstone  is  found.  It  was  until  lately  that  the  same  uncertainty  ex- 
isted within  the  limits  of  an  individual  State,  respecting  the  equiva- 
lency of  beds  in  the  Carboniferous  age  as  they  extended  from  one  side 
to  the  other,*  and  the  problem  was  finally  settled  by  tracing  a  well- 
known  sandrock  formation  from  north  to  south,  and  bringing  all  the 
other  strata  iijto  order  above  and  below  it.  Perhaps  some  such  pro- 
cess may  be  applied  to  this  question. 

But  before  entering  upon  that  a  glance  may  be  taken  at  the  various 
opinions  that  have  been  held.  These  opinions  may  be  grouped  under 
sixteen  heads,  but  the  present  state  of  knowledge  compels  us  to  ignore 
many  of  these  opinions,  which  reduces  the  groups  to  be  considered  to 
ten.  The  sixteen  groups  are  as  follows,  with  the  names  of  those  who 
have  advocated  them : 

Summary  of  Opinions. 

1.  Those  who  regard  No.  1  as  the  Potsdam  sandstone  —Logan,  White. 

2.  Those  who  regard  No.  2  as  the  Potsdam  sandstone — Logan,  Brooks. 

3  Those  who  regard  No.  3  as  the  Potsdam  sandstone — Rogers  (W.  B.),  Dana, 
Winchell  (N.  H.). 

4.  Those  who  regard  all  of  them  as  the  Potsdam  sandstone — Hall,  Foster,  Whit- 
ney, Winchell  (A  ),  Dana,  Kloos,  Owen. 

6.  Those  who  regard  Nos.  1  and  2  as  the  Potsdam  sandstone—Whittlesey  Cham- 
berlin,  Irving 

6.  Those  who  r  gard  Nos.  2  and  3  as  the  Potsdam  sandstone— Hubbard,  Rivet, 
Rogers  (W.  B.),  Whittlesey,  Marvine,  Rominger,  Wadsworth. 

7.  Those  who  regard  the  Lake  Superior  sandstones  as  Calciferous  and  Potsdam 
—Dana. 

8.  Those  who  regard  the  sandstones  of  Lake  Superior  as  Calciferous— Dan%. 

9.  Those  who  regard  the  Lake  Superior  sandstones  as  Potsdam,  Calciferous  and 
Chazy — Logan. 

♦Ohio. 
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10.  Those  who  regard  the  Lake  Superior  sandstones  as  Quebec  — Logan,  Hunt, 
Pumpelly,  Dana,  Hall. 

11.  Those  who  regard  the  Lake  Superior  sandstones  as  Jurasso-Triassic — 
Houghton,  Ruggles,  Jackson,  Shcpard,  Rogers  (EL  D.),  Owen,  Marcou,  Dana, 
Bell  (or  Permian). 

12.  Those  who  regard  the  Lake  Superior  sandstone  as  tapper  Silurian — Jack- 
son. 

13.  Those  who  regard  this  Jake  Superior  sandstone  as  Devonian — Locke,  Bigs- 
by  and  Bayfield. 

14.  Those  who  regard  the  Lak^  Superior  sandstones  as  Permian    MacFarlane. 

15.  Those  who  regard  the  trap  and  sandstones  of  No.  3  as  Cambrian — Logan, 
Bigsby  (Whittlesey  older  than  No.  1). 

16.  Those  who  regard  the  trap  and  sandstones  of  No.  3  as  Iluronian — Selwyn. 
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If  we  discard  those  whose  opinions  make  the  Lake  Superior  sand- 
stones post-Silurian,  and  also  those  who  regard  them  as  pre-Silurian, 
of  the  remaining,  by  far  the  greatest  weight  of  authority  falls  on 
proposition  No.  6,  which  assigns  Nos.  2  and  3  to  the  Potsdam. 
Proposition  No.  4,  which  assigns  them  all  to  the  Potsdam,  follows 
next  in  weight  of  authority. 

In  this  enquiry  it  will  be  necessary  in  the  first  place  to  ascertain  ex- 
actly what  the  Potsdam  sandstone  is  stratigra])hically,  lithologically 
and  palaeontologically.  This  will  involve  an  enquiry  into  the  nature 
of  the  formations  that  lie  below  and  above  it  in  New  York  and  New 
England  Secondly,  it  will  be  necessary  to  ascertain  what  formations 
in  the  West  approach  most  niearly  to  an  equivalency  with  the  same 
horizons. 

1.     What  is  the  Potsdam  of  New  York  and  New  England?    As 
to  the  lithological  characters  of  the  Potsdam  in  New  York  the  follow- 
ing is  from  the  annual  report  of  Dr.  E.  Emmons,  Jan.  1838:     "This 
rock  is  a  true  sandstone,  of  a  red,  yellowish-red,  gray  and  grayish- 
white  colors.     It  is  made  up  of  grains  of  sand,  and  held  together  with- 
out a  cement.     Inter-mixed  with  the  siliceous  grains  are  fimer  par- 
ticles of  yellowish  feldspar  which  do  not  essentially  change  the  char- 
acter of  the  sandstone,  but  show  the  probable  source  from  which  the 
materials  forming  it  were  originally  derived,  viz. :  some  of  the  varieties 
of  granite.     Unlike,  however,  most  of  the  sandstones,  it  is  destitute  of 
scales  of  mica.     The  coloring  matter  ol  the  rock  is  evidently  oxide  oi 
iron,  but  unequally  diflFused  through  it,  giving  it  intensity  or  deepness 
of  color  according  to  its  quantity.     In  some  places  it  is  almost  want- 
ing, which  makes  it,  when  pulverized,  a  good  material  for  glass.     The 
grains  and  particles  in  its  composition  are  generally  angular,  but  where 
it  takes  the  character  of  a  conglomerate,  as  it  does  in  the  inferior 
layers,  they  are  frequently  rounded.     The  thicker  strata  exhibit  an 
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obscurely  striped  appearance,  owing  to  the  prevalence  of  certain 
colors  in  the  different  layers.*'  In  his  final  report  on  the  agriculture 
of  New  York  Mr.  Emmons  says  of  this  rock :  **This  sandstone  is  more 
uniform  in  its  characters  than  most  of  the  individual  rocks  in  the 
series.  At  Potsdam  it  is  yellowish-brown ;  at  Moira  and  its  neighbor- 
hood, and  also  in  Mooers,  it  is  nearly  white  and  sandy;  at  Chazy  it 
is  of  a  deep  red  at  the  bottom,  and  gray  towards  the  top,  while  at 
Whitehall,  Corinth,  Hammond  and  near  Glen's  Falls  it  is  gray,  and 
more  or  less  crystalline.  In  many  places  it  is  a  coarse  conglomerate, 
as  at  Mooers  in  Franklin  county,  and  at  DeKalb  in  St.  Lawrence  county. 
It  is  of  course  a  siliceous  rock,  yet  it  does  not  exclude  other  substances 
or  elements;  for,  a  true  sandstone,  far  from  being  composed  of  pure 
siliceous  sand,  admits  into  its  composition  mica  and  feldspar,  oxide  of 
iron,  and  probably  even  a  greater  variety  of  the  primitive  minerals,  as 
hornblende,  pyroxene,  &c.,  in  a  state  of  fine  division.'* 

Mr.  Mather,  in  his  final  report  on  the  first  district,  speaks  of  the 
Potsdam  in  the  following  terms:  **The  Potsdam  sandstone  is  a  hard 
siliceous  sandstone,  white,  red,  gray,  yellowish,  and  frequently  striped. 
It  is  well  developed  at  Whitehall."  ****<<  Some  of  the  strata  of 
this  rock  are  covered  with  the  most  beautifully  characterized  ripple- 
marks,  as  perfect  as  if  just  formed  on  the  sand  of  a  sea  beach,  while 
the  rock  is  of  the  most  indurated  kind  of  sandstone."  *  »  *  * 
**  Fucoidal  impressions  are  also  seen  in  some  of  the  strata  of  this  rock. 
******  It  is  a  hard  stone  to  dress,  and  is  one  of  the  most  durable 
kinds  of  rock."  *  •  *  •  <<i|^  some  places,  in  its  lower  part  in  partic- 
ular, it  is  a  metamorphic  rock,  having  more  or  less  the  aspect  of 
gneiss,  except  that  mica  is  absent.  Half  a  mile  west  of  Putnam's 
Ferry,  where  it  overlies  granitic  rocks,  it  is  in  an  intermediate  state, 
having  the  general  aspect  of  a  primary  rock,  but  still  shows  its 
rounded  gravel  and  sand."  Mr.  Mather  mentions  other  places  where 
it  has  been  changed  by  metamorphic  agency.  In  the  northwest  part 
of  Clinton  county,  and  in  St.  Lawrence  and  Franklin  counties  the 
lower  portion  of  the  Potsdam  is  a  conglomerate,  which  in  some  places 
reaches  the  thickness  of  300  feet. 

Where  the  formation  appears  in  Vermont  it  runs  in  mono-clinal, 
long  or  short,  sharp  ridges,  and  is  thus  spoken  of  by  Dr.  Edward 
Hitchcock  in  the  first  volume  of  the  final  report  on  the  geology  of  Ver- 
mont, 1861:  "Its  lithological  characters  vary  very  little.  In  conse- 
quence of  a  metamorphic  action  we  reckon  three  varieties : 

1.  Pure  siliceous  sandstone. 

2.  Hornblende  schist. 
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3.     Gneiss. 

**The  first  of  the  trio  is  what  is  universally  known  as  Potsdam  sand- 
stone, a  hard,  compact,  thick-bedded  sandstone,  and  perfectly  homo- 
geneous in  structure,  unless  metamorphosed.  Its  color  is  generally 
white  in  the  eastern  part  of  North  America;  it  being  red  upon  the 
shores  of  Lake  Superior.'*  *  *  *  **The  second  variety  cannot  be 
distinguished  from  the  hornblende  schist  which  occurs  among  the  azoic 
rocks  of  Vermont  and  New  York.'*  ♦  ♦  ♦  *  <«The  third  variety 
very  closely  resembles  the  Laurentian  gneiss.  It  seems  to  pass  into 
it  by  insensible  gradations.  All  the  constituents  of  this  rock  are  very 
small,  and  occasionally  the  feldspar  or  the  mica  may  be  wanting. 
These  hornblende  schists  and  gneiss  rocks,  indicate  a  change  has 
passed  over  a  part  of  the  Potsdam  sandstone,  analogous  to  the  meta- 
morphism  that  has  so  obscured  the  rocks  of  eastern  Vermont;  for  such 
rocks  as  gneiss,  &c.,  are  not  found,  except  by  the  crystallization  of  the 
constituent  minerals  after  the  accumulation  of  the  sediments."  Dr. 
Hitchcock  also  mentions  veins  of  **granite**  in  the  Potsdam  at  West 
Haven,  whose  feldspar  is  labradorite.  At  the  time  of  Dr.  Hitchcock's 
report  the  **red  sandrock"  of  Vermont  was  not  admitted  within  the 
Potsdam,  nor  was  the  **quartz  rock**  running  along  the  western  base 
of  the  Green  mountains,  but  an  earnest  discussion  was  then  going  on 
between  Professors  Hall,  Dana,  Emmons,  Marcou,  Billings,  Logan  and 
others,  concerning  the  geological  position,  and  the  actuality  of  any 
such  system  as  had  been  designated  Taconic,  claimed  by  Prof.  Em- 
mons to  lie  directly  below  the  Potsdam :  Vide  Am.  Jour.  Sci  ,  1861,  No. 
91;  and  Can.  Nat.  and  Geol.,  1861,  Vol.  VI,  p.  106. 

2.  As  to  the  palaeontology  of  the  New  York  typical  potsdam.  Prof. 
Hall  reports  in  the  first  volume  of  the  palaeontology  of  New  York, 
besides  Scolithus  linearis^  two  spieces  o{ Li ngitltr, viz :  prima  SLniantiqua. 
To  this  list  have  been  added  since  a  species  of  HyoUthes  from  Eeeseville, 
Am.  Jour,  Sci.,  July  1871,  p.  32;  1873,  p.  211,  vol.  5;  imperfect  speci- 
mens of  supposed  Pleurotomaria  and  Covocephalites  miniitus,  from  Eeese- 
ville.  The  last  may  belong  to  the  beds  below  the  Potsdam,  as  described 
by  Brooks,  Am.  Jour.  (3)  IV,  22.  In  the  state  of  Vermont  have  been 
discovered  several  species  of  trilobites,  as  well  as  other  species  of  trilo- 
bites  and  brachiopods  at  Troy,  N.  Y.,  (Am.  Jour.  Sci.,  1873,  vol.  VI, 
p.  134;  vol.  XI,  1876,  p.  369.)  But  as  their  position  in  the  formation 
is  still  in  doubt,  while  some  of  them,  especially  those  from  Georgia, 
Vt.  and  Troy,  N.  Y.,  have  been  shown  to  belong  below  the  Potsdam 
in  statigraphical  sequence,  none  of  them  should  be  embraced  in  the 
fauna  of  the  typical  Potsdam.     At  the  same  time  the  term  Potsdam 
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lias  been  crxtended  loosely  over  these  strata,  especially  by  those  who 
are  adverse  to  the  Taconic  <yroup  of  Emmons.  (Am.  Jour.  Sci.,  1880, 
vol.  XIX,  p.  152;  Ibid,  IQgO,  vol.  XIX,  p.  153  and  p.  225.) 

3.  One  of  the  results  of  the  Taconic  discussion  was  the  establish- 
ment of  the  essential  correctness  of  Prof.  Emmons*  claim,  that  beneath 
the  Potsdam  sandstone  was  still  a  fossiliferous  horizon,  which  when 
metamorpl|Dsed  constituted  the  roofing  slates  and  talcose  rocks  of 
eastern  New  York  and  northern  Vermont,  though  he  perhaps  extended 
ittrithout  warrant  over  areas  where  he  had  not  sufficient  evidence  of 
its  actual  continuance.  This  error  however,  no  more  invalidated  his 
claim  to  the  correct  establishment  of  his  system  than  a  similar  sup- 
posed error  in  the  extensi(m  of  the  Hudson  River  rocks  where  they 
were  not  proven  to  exist  in  Vermont,  Massachusetts  and  eastern  New 

■York,  destroyed  that  system.  Geol..  Wis.,  1862,  p.  443;  Proc.  Am.  Ass. 
Adv.  Sci.,  1877,  XXVI,  p.  259.  The  paljeontological  investigations 
of  Mr.  Billings,  seconded  by  Mr.  Barrande,  and  of  Mr.  Ford,  have  am- 
ply demonstrated  that  beneath  the  horizon  of  the  Potsdam  sandstone  is 
a  series  of  rocks  containing  a  primordial  fauna,  consisting  of  argilla- 
ceous slates,  black  slate,  and  thin-bedded  sandstone  with  some  lime- 
atone.  This  formation,  sometimes  known  as  the  Georgia  Group, 
is  p^bably  the  equivalent  of  the  Acadian  of  Dawson.  According  to 
BrodL  these  strata,  as  they  occur  at  Keene  Station  in  St.  Lawrence 
Co.,  K.  Y.,  consist  of  magnesian  schists,  crystalline  limestone  and 
sandrock  like  the  Potsdam  but  containing  beds  and  veins  of  granite, 
the  whole  amounting  to  a  mininum  thickness  of  700  feet,  (Am.  Jour. 
Sci.  (3)  IV.  22.) 

4.  The  fossil  species,  described  bv  Mr.  Ford  from  these  lower  Pots- 
dam, or  Taconic  rocks  near  Troy,  N.  Y.,  are  sixteen,  and  a  portion 
are  identical  with  fossils  from  the  Acadian.  On  the  strength  of 
paljeontological  differences  Mr.  Ford  states  that  he  considers  these 
beds  to  occupy  a  lower  geological  horizon  than  the  typical  Potsdam  of 
New  York,  and  to  be  of  nearly,  if  not  exactly,  the  same  age  as  the 
Georgia  slates  of  Vermont,  and  the  limestones  on  the  north  shore  of 
the  straits  of  Belle  Isle.  The  fauna  he  regards  * 'wholly  distinct 
specifically  from  that  of  the  upper  Potsdam  of  Wisconsin  and  the  true 
Potsdam  of  New  York,"  (Compare  Am.  Jour.  Sci.,  (3)  XIX,  152.)  After 
Mr.  Barrande  had  indicated  the  primordial  character  of  the  trilobites 
of  the  Georgia  slates,  and  Messrs.  Billings  and  Logan  had  accepted 
his  suggestion.  Prof.  Hall  also  recognized  the  strength  of  palaeonto- 
logical  authority  and  admitted  that  the  Potsdam  of  the  New  York 
survey  was  not  the  true  primordial  base.     This  true  primordial  zone  is 
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characterized  in  America  by  such  trilobites  as  Paradoxides,  Conoceph- 
aluSf  ArioHellns,  Conocoryphey  and  Olenellus. 

5.  If  we  next  inquire  what  formation  lies  above  the  New  York 
typical  Potsdam,  we  shall  find  the  Calciferous  Sandrock  described  by 
Prof.  Emmons  as  follows: — (Final  Rep.)  '^Considered  as  a  totality  this 
is  one  of  the  most  heterogeneous  rocks  in  the  New  York  system.  That 
part  which  furnished  the  name  is  well  designated  under  the  descrij). 
tive  term,  and  is  easily  recognized.**  This  is  a  gray  mass  with  spark- 
ling  grains  of  lime,  but  an  impure  limestone,  being  mechanically  mixed 
with  fine  grains  of  sand  and  slight  interlaminations  of  argillaceous 
matter.  Another  variety  is  a  fine-grained  and  blue  limestone,  and 
another  is  red  or  chocolate  colored,  consisting  of  sandstone  slightly 
interlaminated  with  shale. 

Mr.  Mather  thus  designates  this  formation:  **The  rocks  are  calcareO' 
siliceous,  and  sometimes  one  and  sometimes  the  other  predominates, 
and  gives  character  to  the  rock.  The  water-lined  laminae  of  deposition 
are  very  conspicuous  in  some  of  the  strata  of  the  Calciferous  sandstone. 
*  *  *  *  There  are  numerous  small  patches  where  these  rocks  have 
been  upheaved  and  exposed,  that  are  not  continuous  for  any  consider- 
able distance  *  ♦  *  ♦^  having  been  fractured  across  and  heaved  out  of 
place  along  faults  transverse  to  the  lines  along  which  the  principal 
disturbances  have  taken  place."  This  formation  in  N.  Y.  lies  under 
the  Chazy  limestone. 

6.  The  fossils  of  the  Calciferous  in  New  York,  as  reported  by  Prof. 
Hall  in  the  first  vol.  of  the  palaeontology  of  New  York  consist  of  the 
following : 

Two  species  of  Palceophychus. 

One  species  of  Buthotrephis,  Lingula  acuminata,  Euomphalus  uni- 
angulatus. 

Two  spiecies  of  Maclurea. 

Two  species  of  Ophileta. 

Two  species  of  Turbo. 

Pleurofofnaria  turgida. 

Two  species  of  Orthoceras. 

To  these  Mr.  Billings  has  added  very  many  species  from  the  adjoin- 
ing portions  of  Canada,  including  gasteropods,  brachiopods,  and  cepha- 
lopods.  Of  trilobites  are  fourteen  species  referred  to  the  Calciferous^ 
viz. :  two  of  Amphioft,  six  of  Bathyurus^  one  of  Asaphus,  and  others  of 
Agraulos  and  Conocoryphe.  The  rocks  of  the  Quebec  group,  which  are 
placed  by  Prof.  Dana  above  the  Calciferous,  seem  to  embrace  both 
stratigi-aphically  and  palaeontologically,  the  whole  range  of  beds  from 
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the  base  of  the  second  fauna  to  the  top  of  the  Chazy;  and  over  two 
hundred  and  twenty  species  liave  been  described  from  this  group.  But 
their  relation  to  the  Potsdam  is  still  a  matter  of  doubt.  While  strati- 
graphically  they  are  placed  above  the  Potsdam  by  Billings,  Logan, 
Dana  and  Hall,  they  still  have  many  of  the  species  that  have  been 
reported  from  the  western  so-called  Potsdam,  viz. : 

Four  species  of  Leptana. 

Fourteen  species  of  Orthis, 

Three  species  of  Lingula. 

Two  species  of  OboleJla. 

Two  species  of  Stricklandia. 

Two  species  of  Ecculioinphalus. 

Seven  species  oi  Pleurotomuria. 

Two  species  of  Murchisoyxia. 

Three  species  of  Opkileta, 

Two  species  of  Holopea, 

Seven  species  of  Metoptoma. 

One  species  each  of  Ilelicotoma  and  Mad  urea. 

Seven  species  of  Orthoceras, 

Six  species  of  Cyrtoceras, 

One  specie  of  Nautilus. 

TRIL0BITE8. 

Three  species  of  Agnostus, 

Two  of  Arionellus. 

Two  of  Asaphus. 

Eight  of  Bathyurus. 

Two  of  Cheirur us. 

Eight  of  Dickelocephalus. 

Three  of  Menocephalus. 

And  one  each  of  Aniphion,  Aniplujx,  Conocephalites,  HolometopuSy 
Illa^nuSj  XilcuSy  Shumardia  and  Leperditia.  Mr.  C.  D.  Walcott  has 
also  lately  found  the  following  new  species  in  the  Calciferous  in  Sara- 
toga county.  New  York,  viz. :  Platyceras  minutissimuniy  Metoptoitia 
cornuta/onne,  Cmocephalites  calci/erusy  Conocephalites  Hartii,  Ptychaspis 
speciosus  and  Bathyurus  arnuitus,  of  Billings  He  remarks  that  **the 
occurance  of  a  species  of  the  genus  Ptychaspis^  associated  with  cono- 
cephalites  calciferus  and  C.  Hartii — species  related  to  Conocephalites 
Wisconsensis  and  C.  lowensis  of  the  Potsdam  fauna  of  Iowa  and  Wis- 
consin— relates  the  fauna  of  the  Calciferous  formation  of  New  York 
with  that  ol  the  Potsdam  sandstone  of  Iowa  and  Wisconsin.*' 
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* 

We  have  now  stated  the  essential  features  and  the  stratigraphical 
position  of  the  typical  Potsdam  sandstone  of  New  York,  as  given  by 
the  best  authorities,  and  it  will  be  best  to  recapitulate  briefly. 

1 .  It  is  a  red  or  gray  loose  sandstone,  often  tilted  or  faulted,  also 
met  amor  phozed,  and  then  having  the  name  of  quartzyte. 

2.  It  contains  but  very  few  fossils,  three  undoubted  species  being 
the  most  that  can  be  referred  to  it,  but  not  distinctly  primordial. 

3.  It  is  underlain  bv  a  series  of  black  slates  and  sandstones,  with 
some  limestones,  which  have  exhibited  in  Vermont,  at  Troy,  N.  Y., 
and  at  the  Straits  of  Belle  Isle,  a  decidedly  primordial  type  of  life. 

4.  It  is  overlain  l)y  a  formation  which  exhibits  but  few  fossils  in 
New  York,  but  which  in  Canada  holds  a  diversified  fauna,  placed  by 
Barrande,  Billings  and  Logan  near  the  bottom  of  the  second  fauna, 
containing,  among  other  species,  niimerous  genera  of  trilobites. 

If  in  the  same  manner  the  formations  of  the  Lower  Silurian  in  the 
west  that  may  possibly  be  the  equivalents  of  these  three  of  New  York, 
be  reviewed,  some  light  may  be  thrown  on  the  question  of  the  paral- 
lelism of  the  New  York  Potsdam  in  its  western  extension. 

1.  The  lowest  formation  known  in  the  northwest,  which  raav  be 
parallelized  with  the  foregoing,  is  that  win  eh  Sir  William  Logan  de- 
nominated at  first  the  **Lower  Volcanic  Group,**  and  subsequently  the 
**Kaministiquia  Slates,'*  and  which  Dr.  T.  S.  Hunt  has  named  the 
**Animikie  Group.**  It  is  the  same  as  that  which  contains  the  silver 
mines  of  the  northwest  shore  of  Lake  Superior.  It  is  briefly  described 
in  the  Seventh  Annual  Report  of  the  Minnesota  Geological  Survey.  It 
consists  emphatically  of  slates,  but  it  contains  man}'  beds  of  gray 
quartzyte,  and  some  of  dolomite.  It  passes  downward  to  the  Gunflint 
beds  of  northern  Minnesota,  and  seems  to  lie  unconformably  on  the 
formation  that  has  been  accepted  as  the  Huronian.  It  is  cut  b}'  igne- 
ous dykes,  and  is  interbedded  with  what  appears  to  be  a  diabase  rock. 
No  fossils  have  been  found  in  it.  The  slatiness  of  this  formation  is 
due  to  the  horizontal  sedimentary  lamination,  so  far  as  seen,  and  not 
to  a  superinduced  cleavage.  The  extent  of  this  formation  northwest 
of  Lake  Superior  is  unknown  toward  the  north  l)ut  it  extends  east  and 
west  at  least  one  hundred  and  twenty-five  miles.  It  is  believed  to  oc- 
cur in  Michigan  and  Wisconsin,  since  mention  has  been  made  in  geo- 
logical reports  of  those  States  of  a  ** black  slate**  in  the  Potsdam  form- 
ation. Proc.  Am.  Assc.  Adv.  Sci.,  IX,  208;  the  Mineral  Regions  of 
Minnesota — Whittjesey,  1866,  p.  4.  Stratigraphically  this  seems  to 
occupy  the  place  of  the  Taconic  rocks  at  Troy,  N.  Y.,  and  of  the  Geor- 
gia Group  of  Vermont.    Lithologically  it  has  a  close  resemblance,  and 
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palaeontologically  the  evidence  of  parallelism  is  simply  negative,  /. 
e,,  as  no  fossils  have  been  found  in  it,  no  comparison  can  be  made  on 
that  basis. 

2.  The  foregoing  formation  is  overlain  by  the  Cupriferous  rocks  of 
Lake  Superior  (No.  3  above),  whether  conformably  or  not  is  not 
known,  but  so  far  as  the  evidence  goes  it  appears  in  Minnesota  to 
graduate  into  the  overlying  formation  conformably,  and  unconforma- 
bility  is  not  reported  by  the  Canadian  geologists  at  Thunder  Bay.  This 
formation  is  pretty  well  known,  so  far  as  its  associated  igneous  rocks  are 
concerned,  and  the  equivalency  of  its  sedimentary  portions  with  the 
Potsdam  has  been  the  subject  of  much  discussion.  A  summary  of 
opinions  has  already  been  presented.  It  is  only  necessary  here  to 
mention  its  outward  characters,  and  to  compare  them  with  the  three 
formations  of  New  York,  to  each  of  which  it  has  been  referred  by  dif- 
ferent geologists. 

It  is  a  red  formation  of  shale,  sandstone  and  conglomerate,  metamor- 
phozed  by  igneous  upheaval  and  fracture,  locally  changed  to  gneiss, 
syenite  and  hard,  red  quartzytes,  and  is  interbedded  with  dolery<«e  and 
mixed  with  gabbro.  In  it  have  been  seen  only  the  non-characteristic  Fu- 
couIeSf  but  its  association  with  repeated  igneous  outflow  is  sufficient 
reason  for  the  non-existence  of  animal  life  in  the  era  of  its  deposition. 
Still  if  the  sandstones  of  Tequamenon  Bay  in  Michigan  be  considered 
its  equivalent  it  may  be  said  that  two  species  of  Lingula  have  been 
taken  from  this  formation.  Dr.  Rominger,  however,  who  has  care- 
fully examined  the  Upi)er  Peninsula  of  Michigan,  unhesitatingly  places 
these  in  conspicuous  formation,  as  he  also  does  the  bed  of  breccia  con- 
taining the  Dikelocephalus  on  the  Menominee  river  near  Grand  Rapids 
— Geol.  of  Mich.,  vol,  I,  Part  III,  pp.  73  and  80.  The  beds  at  Mar- 
quette containing  Pleurotomaria  are  placed  by  Mr.  Billings  in  the  Cal- 
ciferous. 

The  lithological  characters  of  this  formation,  therefore,  ally  it  un- 
mistakably with  the  typical  sandstone  of  Potsdam,  while  stratigraph- 
ically  it  lies  above  a  similar  series  of  black  slates  and  sandstones  as  in 
eastern  New  York  and  Vermont.  If  it  be  borne  in  mind  that  the 
typical  Potsdam  has  a  very  meager  fauna,  consisting  of  but  three  spe- 
cies not  characteristic  of  that  horizon,  it  has  a  very  close  resemblance 
in  its  fauna  also;  and  it  is  not  unreasonable  to  suppose  that  when  this 
horizon  in  the  northwest  has  been  as  minutely  examined  as  the  typi- 
cal Potsdam  has  in  New  York,  an  equal  number  of  Lingidae  may  be 
found  in  it. 

3.  It  is  the  overlying  formation,  however  (Nos.  2  and  1),  which  af- 
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fords  the  best  material  for  comparison  with  eastern  rock  horizons,  as 
it  is  marked  by  a  fauna  very  diversified  and  characteristic,  and  is  easily 
traced,  by  a  series  of  explorations  by  competent  geologists,  from  the 
Mississippi  river  to  Canada,  with  no  very  important  interruptions, 
making  a  very  close  connection  with  an  allied,  if  not  an  identical, 
formation  in  eastern  Canada.  Here  are  placed  in  one  formation  the 
foregoing  Nos.  2  and  1,  not  because  there  is  certainly  any  line  of  sep- 
aration between  Nos.  2  and  3,  nor  the  absence  of  one  between  Nos.  2 
and  1,  but  because  on  comparing  the  described  characters  of  1  and  2, 
the}'  seem  to  occupy  nearly  the  same  geological  horizon,  and  for  the 
present  purpose  can  best  be  considered  as  one.  They  consist  of  light- 
colored  siliceous  sandstones  with  some  dolomitic  layers  near  the  top. 
They  are  horizontally  stratified,  and  are  seen  in  different  places  to  lie 
unconformably  upon  the  tilted  layers  and  trap  rocks  belonging  to  No. 
3 — or  the  copper-bearing  rocks.  This  is  the  case  at  Taylor*s  Falls, 
Minn.,  and  at  Kewenaw  Point  in  Michigan.  While  it  would  perhaps 
be  ai\  arbitrary  line  which  should  set  them  oflF  as  a  distinct  formation 
from  the  copper-bearing  series,  they  still  need  to  be  distinguished  from 
that  series  on  account  of  great  lithological  differences  and  stratigraph- 
ical  position,  as  well  as  on  account  of  the  rich  fossil  fauna  they  have 
afforded.  The  fossils  that  have  been  described  from  the  bluffs  of  the 
Mississippi  and  St.  Croix  rivers  by  Dr.  Owen  (Geol.  Wis,  Iowa  and 
Minn.)  and  by  Prof.  James  Hall  (16tli  Regents*  Report)  are  all  from 
this  formation,  and  it  requires  })ut  a  glance  to  see  their  resemblance 
to  that  fauna  which  has  been  found  in  Canada  and  described  as  in  the 
Quebec  group.  These  fossils,  as  enumerated  by  Prof.  Hall  in  the  16th 
N.  Y.  Regents'  Report,  are  as  follows : 

Five  species  of  Lingula. 

One  species  of  Linf/ulepis. 

One  species  of  Dischia. 

One  species  of  Obella, 

One  species  of  Orthis. 

One  species  of  Platyceras, 

One  species  of  Euomphalus. 

One  species  of  Theca. 

One  species  of  Serpulites, 

One  species  of  Send rog rapt ns 

And  of  tnlobites  the  following : 

Six  species  of  Dikelocephalus. 

Eighteen  si)ecies  of  Conocephalifes, 

One  species  of  Arionellus  (P). 
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Three  species  of  Ptychaspis. 
One  species  of  Chariocephalus. 
One  species  of  Tllaenurus. 
One  species  of  Triarthrus. 
Three  species  of  Agnostus. 
One  species  of  Aglaspis. 
One  species  of  Pemphigaspis. 
One  species  of  Amphion. 

With  such  an  array  of  identical  genera,  not  to  say  species,  it  is  safe 
to  assume  identity  of  geological  era  for  these  strata  with  those  con- 
taining such  a  fauna  in  Canada — Pal.  Fossil,  p.  198;  Am.  Jour.  Sci. 
(2,)  XXXI,  222.  It  is  to  be  admitted  that  these  fossils  have  not  yet 
been  discovered  in  the  arenaceous  strata  extending  through  northern 
Michigan,  although  the  same  friable  formation,  occupying  the  same 
stratigraphical  horizon,  extends  from  Wisconsin  to  the  east  end  of 
Lake  Superior,  and  has  been  traced  by  Prof.  Chamberlain  and  Dr.  Ro. 
minger.  They  are  there  kept  constantly  distinct  by  Dr.  Rominger, 
from  the  underlying  red  sandstones,  which  he  says  are  generally  firm, 
and  become  disturbed  by  igneous  upheavals  in  their  lower  portion. 
The  sandrock,  cut  by  the  canal  at  Sault  St.  Marie,  he  says  is  the  low- 
er red  sandrock.* 

To  what  eastern  formation  this  fossiliferous  belt  mav  finallv  be  as- 

4 

signed,  whether  to  the  Quebec  or  to  the  Potsdam,  it  certainly  shows 
the  palaeontology  of  the  Quebec:  but  at  the  same  time  Prof.  Hall  has 
cautiously  assigned  it  to  the  Potsdam  of  New  York.  He  has  also  as- 
signed the  sandstones  of  No.  3  and  No.  2  to  the  same,  and  his  author- 
ity, therefore,  to  a  great  extent,  nullifies  itself. 

It  seems,  therefore,  that  so  far  as  present  available  information  will 
warrant  us  in  coming  to  a  conclusion,  we  can  accept  the  following  as 
probable  if  not  certain : 

1.  The  Taconic  Group  was  correctly  establis  by  Prof.  Emmons, 
though  its  limits,  stratigraphically  and  geographically,  were  at  first 
wrongly  defined  by  him.+ 

2.  The  Georgia  Group  of  Vermont,  and  the  Animikie  Group  of 
Thunder  Bay,  and  the  Acadian  of  New  Brunswick,  are  the  equivalent 
of  the  Taconic  of  Emmons. 

3.  The  Taconic  has  the  true  primordial  fauna  of  Barrande. 


Hant  on  the  identity  of  the  Calciferoxfi  and  Wentern  Potsdam,  Can.  Nat.  and  Oeol.  (3)  VI,  87; 
Azoic  ,  Rocks  of  Penn.  1878.    Report  E.,  pp.  107  and  108. 

t  Compare  Dana's  investigation  of  the  so-called  Hudson  River  Group,  In  Mass.,  Vermont  ar.d  New 
York.    Am.  Jonr.  Science,  various  papers  in  1872^80. 
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4.  The  Potsdam,  which  lies  conformably  above  it  in  the  east,  is 
represented  by  the  rocks  of  the  copper-bearing  series  in  the  west. 

5.  No  fossils,  representing  the  true  primordial  fauna,  have  yet  been 
discovered  in  the  west,  nor  have  any  been  found  in  the  western  repre- 
sentative of  the  Potsdam. 

6.  The  **second  fauna''  of  Barrande  is  found  in  the  Quebec  ^oup 
of  Canada,  and  in  the  St.  Croix  sandstone  of  the  west,  lying  in  each 
case  above  the  Potsdam  sandstone. 
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IV. 

TYPICAL  THIN  SECTIONS  OF  THE  ROCKS  OF  THE  CUPRIF- 

EROUS  SERIES  IN  MINNESOTA.* 

By  N.  H.  WiNCHELL. 

In  northern  Minnesota  the  cupriferous  rocks,  when  crystalline,  con- 
sist of  two  distinct  types.  One  serie  is  igneous,  and  one  is  inetamor- 
phic. 

The  former  may  be  broadly  comprehended  under  the  term  dolenjte^ 
as  defined  by  Prof.  J.  D.  Dana.  The  most  frequent  representative  of 
this  group  is  the  rock  gabbro,  consisting  essentially  of  labradorite, 
augite  and  titaniferous  magnetite.  It  produces  the  dark-colored  and 
heavy  rocks  of  the  shore,  is  seen  as  layers  alternating  with  the  non- 
crystalline and  sub-crystalline  layers  of  the  other  group,  and  as  massive, 
mountain-like  elevations.  It  is  often  basaltic.  On  weathering,  it  de- 
composes and  l)ecomes  greenish  when  near  the  water,  but  brownish 
when  at  higher  elevations.  It  is  often  amygdaloidal,  furnishing  vari- 
ous zeolitic  and  other  minerals.  It  has  a  very  intimate,  and  yet  very 
distinguishable  association  with  the  rocks  of  the  other  group;  but  in 
general  it  is  the  most  conspicuous  rock  of  the  cupriferous  series,  caus- 
ing the  most  of  the  salient  features  of  the  coast,  and  the  prominent  ele- 
vations of  northeastern  Minnesota.  When  in  contact  with  the  sedi- 
mentary beds,  the  rocks  of  the  igneous  group  are  but  slightly  affected 
by  the  interpenetration  of  the  minerals  of  the  other  group.  Yet  in 
some  instances  isolated  pieces  of  the  sedimentaries  have  been  embraced 
in  the  igneous  rock,  and  so  completely  fused  with  them,  that  the 
minerals,  that  otherwise  characterize  each,  are  closely  mingled  over 
small  intervals. 

The  rocks  of  the  second  or  met  amorphic  group,  on  the  other  hand, 
are,  in  nearly  all  cases,  of  a  reddish  color.  They  show  all  stages  of 
metamorphic  change — from  red  sedimentary  shale  and  sandstone  to  red 

*Froin  the  proceedings  of  the  American  Amociitlon  for  the  idvancement  of  science,  Vol.  XXX,  Cm. 
cinnsti  Meeting,  Aagnf>t,  18^1. 
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felsite  and  syenite  The  minerals  that  are  invariably  found  in  this 
rock,  when  completely  crystalline,  are  quartz,  orthoclase,  and  horn- 
blende. The  beds  from  which  these  crystalline  red  rocks  were  derived 
are  seen  in terst ratified  with  regularity  with  the  rocks  of  the  other 
group.  But  when  these  red  rocks  are  crystalline  or  subcrystalline,  the 
alternation  is  less  evident.  The  alternation  in  this  changed  condition 
is  less  frequently  seen  in  horizontal  laj^ers,  but  rather  appears  in  sud- 
den verticle  replacement.  In  some  places  they  appear  to  have  had  a 
great  thickness,  and  they  constitute,  in  their  changed  condition,  some 
of  the  most  interesting  features  in  the  geology  of  the  north  shore.  The 
red  felsite  of  the  Great  Palisades  containing  crj-stals  of  adularia,  which 
is  underlain  by  a  very  characteristic  doleryte  of  the  igneous  group,  and 
penetrated  by  numerous  dykes  from  it,  can  be  traced,  in  varied  steps, 
on  the  one  hand  to  its  original  condition,  a  shale  of  the  Potsdam  for- 
mation; and  in  the  other  direction,  through  step  after  step  of  metamor- 
phic  change,  to  a  hard  crystalline  rock  of  red  color  and  of  a  granular 
texture  consisting  essentially  of  orthoclase,  quartz  and  hornblende. 
It  is  not  always  possible  to  observe  a  continuity  of  bedding  from  one 
extreme  condition  to  the  other.  The  circumstances  of  upheaval  and 
metamorphism  have  generally  been  unfavorable  for  that.  Some  of  the 
links  are  wanting  in  nearly  every  series  of  observations,  but  they 
are  such  as  are  supplied  at  other  places — such  places  also  failing  to 
show  other  links.  It  may  be  supposed  that  it  is  necessary  to  make  a 
perfectly  connected  series  of  contiguous  observations,  on  a  rock,  tii 
situ,  changing  from  step  to  step,  without  interruption  of  the  beds  by 
dip  or  other  cause,  in  order  to  establish  the  series;  but  such  is  not  the 
case.  When  it  once  becomes  evident  that  certain  mineral  associations 
are  constant,  if  a  part  of  these  associations  are  observable,  the  rest 
may  be  relied  on.  When  it  is  understood  that  there  are  two  great 
sources  of  crystalline  rock,  the  igneous  and  the  metamorphic,  and  some 
of  their  related  phenomena  are  established,  such  established  phenom* 
ena  are  indices  to  show  the  origin  of  other  new  phenomena.  Such 
new  phenomena  may  again  l)e  taken  in  the  same  way  to  point  others, 
and  these  again  others.  So  at  last  a  whole  family  of  phenomena  can 
be  grouped  together,  although  at  no  place  can  a  connected  series  of  all 
the  phenomena  be  observed.  In  that  manner,  step  by  step,  the  litiu 
ology  of  the  crystalline  copper-bearing  rocks  can  be  reduced  to  two 
series.  When  these  microscopic  phenomena  are  in  concord  with  and 
are  affirmed  by  the  field  geology , as  in  the  case  on  the  north  shore  of  Lake 
Superior,  the  true  solution  of  some  verj-  interesting  questions  is  found. 
The  rocks  of  the  second  series,  the  result  of  the  crystallization  of  the 
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Potsdam  shales  and  sandstone?,  are  found  to  occupy  a  large  area  in  the 
extreme  eastern  portion  of  Minnesota,  northeast  of  Grand  Marais, 
while  those  of  the  first  series  seem  to  prevail  along  the  shore,  and  to 
cause  mountain  ranges  at  some  distance  from  the  lake.  * 

The  following  brief  descriptions  are  intended  to  give  a  general  idea 
of  the  two  groups.- 

(a)    kocks  of  the  igneous  okoup. 

1.  (Survey  No.  1.)  Gftbhro,  "Dulutli  Granite."  From  Rice*8  Point,  near 
Duluth;  tlie  rock  of  a  low  mountain  range.  Contains  lahradoritc  and  changed 
augite,  the  latter  being  uralitio;  also  titantiferoua  magnetite. 

2.  (Sur.  No.  49.)  Behind  the  M.  E.  Church,  Duluth.  Contains  augite,  plagio- 
clase,  and  magnetite,  with  viridite  and  ferrite. 

3.  (Sur.   No.   53.)     East  Duluth.     Coarsely  crystalline.     Contains  plagioclase 
AUgite,  magnetite,  and  delessite,  also  some  clirysolite  and  biotite.     In  some  places 
this  rock  also  shows  orthocla.se,  making  it  resemble  No.  5  of  tlie  Survey  numbers. 

4.  (Sur  No.  90.)  From  the  ?].  point  of  Sucker  Bay.  Contains  plagioclase, 
augite,  magnetite,  chrysolite. 

5.  (Sur.  No.  113.)  Labradorite  rook,  from  mas.ses  included  in  gabbro  at  Split- 
rock  point. 

6.  (Sur.  No  116.)  From  the  point  half-way  between  t-plit-rock  point  and  Two 
Harbor  Bay.  Shows  a  basaltic  structure.  Contains  plagiocla.se,  augite,  magnetite, 
viridite,  opacite,  and  an  occasional  grain  of  biotite. 

7.  (Sur.  No  123  )  From  the  blult  east  of  Castle  Danger;  a  doleryte,  containing 
plagioclase,  augite,  (chrysolite,  magnetite,  and  viridite. 

8.  (Sur.  No.  126.)  This  is  the  rock  that  furnishes  the  black  sand  at  Black  Beach, 
a  few  miles  W.  of  Beaver  Bay,  one-half  mile  up  the  creek.  It  seems  to  consist  of 
plagiocla.se  (labradorite?)  hypersthcne  and  magnetite,  making  the  rock  hyperyte. 
The  metalloidal  surfaces  of  the  crystals  in  this  rock  resemble  those  of  the  rock  of 
Encampment  Lsland. 

9.  (Sur.  No.  12S.)  Section  of  a  large  crystal  of  labradorite,  from  masses  em- 
braced in  gabbro  at  Beaver  Bay. 

10.  (Sur.  No.  141.)  Doleryte:  first  rock  east  of  the  Great  Palisades,  (lies  below 
the  Palisades?)    lias  augite,  plagioclase,  magnetite,  viridite  (and  biotite?). 

11.  (Sur.  No.  160  )  The  rock  that  protects  Little  Marais  on  the  ea.st :  plagio- 
lase,  augite,  magnetite,  also  hematite  and  ferrite. 

12.  (Sur  No.  199.)  The  rock  of  Grand  Marais  Harbor;  plagioclase,  pyroxene 
and  magnetite;  hematite,  ferrite,  apatite. 

13.  (Sur.  No.  200  )  Cupriferous  gabbro;  from  N.  W.  quarter  Sec.  24,  T.  61,  R. 
1.  W.  (up  Fall  river);  plagioclase,  augite  (diallage?)  magnetite,  viridite,  ferrite. 
There  are  thin  sheets  of  native  copper  disseminateil  through  the  mass  of  this  rock 


*A  serien  of  fifty  thin  sections  with  8nmplet»  of  the  rocks  flrom  which  they  were  prepared,  were  ez- 
bibite«1,  and  ezmmine<l  at  the  table  by  means  of  polarized  light,  on  a  microscope  kindly  loaned  for  the 
purpose  by  Mr.  W.  H.  BuUocli  or  Chicago,  III.  They  were  numbered  sncceraiTeiy  from  one  to  fifty,  the 
tlrst  twenty.one  lieing  of  the  igneons  group,  and  the  next  tweuty-one  of  the  metamorpblc.  The  last 
cigbt,  from  forty. three  to  fifty,  were  selected  to  show  a  mingling  of  the  minerals  of  both  groups  in 
one  rock.  The  samples  of  rock  were  numbered  in  blue  shellac  with  the  field  number  of  the  survey. 
The  inbels  attached  to  the  slides  name  the  mi  st  evident  and  abundant  of  the  minerals  seen  in  each,  as 
tticj  have  been  identified  by  the  writer. 
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The  rock,  as  a  dyke,  cuts  a  rock  like  that  of  the  Great  Palisades — an  amorphous, 
red,  but  slightly  porphyritic  orthoclastic  felsitc. 

14.  (Sur.  No.  221.)  From  a  short  distance  cast  of  the  Brule-'  river;  plagioclasc, 
diallage  and  magnetite;  coarsely  crystalline. 

15.  (Sur.  No.  229.)    Doleryte;  Ked-rock  Bay;  runs  under  the  E.  Palisades. 

16.  (Sur.  No.  161.)  From  the  hill  520  feet  above  the  lake  on  N.  E.  quarter  Sec. 
25,  T.  64,  R.  7  E.,  represents  the  rocks  of  the  hills  about  Grand  Portage;  a  doler- 
yte, consisting  largely  of  diallage,  plagioclasc  and  magnetite,  with  chrysolite  and 
a  little  prehnite.- 

17.  (Sur.  No.  275.)  From  the  dyke  at  the  l)rink  of  Pigeon  river  falls;  augite, 
plagioclase,  magnetite  and  chr^'solite? 

18.  (Sur.  No.  291.)  From  the  extremity  of  Pigeon  point  peninsula;  like  No.  1* 
gabbro;  plagioclase;  diallage,  chrysolite,  viridite  and  magnetite. 

19.  (Sur.  No.  297.)  Gabbroi?)  from  the  English  Rapids,  on  the  international 
boundary,  near  Grand  Portage;  associated  with  the  Animikie  Group;  augite,  pla- 
gioclase, magnetite. 

20.  (Sur.  No.  637.)  The  labradorite  rock  of  Beaver  Bay  from  masses  embraced 
in  gabbro. 

21.  (Sur.  No.  664.)  Augite,  plagioclasc,  magnetite:  from  a  ridge  a  little  more 
than  two  miles  north  of  Horse-shoe  Bay. 

(b)     Rocks  of  tJie  Metamorphic  Group. 

22.  (Sur.  No.  1  B.)  Brownish-red,  hornblende  syenite,  associated  intimately 
with  No.  1.  Duluth.  Contains  orthoclase  (changed),  quartz,  hornblende  (often 
changed),  magnetite,  apatite  and  ferrite. 

23.  (Sur.  No.  3.)  Brownish  or  reddish  rock.  In  the  Rice  Point  range  of  hill«; 
suburbs  of  Duluth;  interception  of  5th  Av.  E.  and  7th  St.;  abruptly  separated  from 
No.  1  A  by  a  compact  dyke;  consists  essentially  of  orthoclase  (which  makes  it 
sparingly  finely  porphyritic),  quartz  and  hornblende.  It  also  has  apatite,  magne- 
tite and  ferrite 

24.  (Sur.  No.  7.)  Brownish-red  rock,  fine-grained.  Between  2nd  and  3rd  av- 
enues, Duluth,  near  the  lake.  Tabular  and  imperfect  crystals  of  flesh-red  feldspar 
(orthoclase),  viridite  (from  hornblende),  magnetite,  apatite,  and  a  small  amount  of 
quartz. 

25.  (Sur.  No.  8  A.)  Rock  inclusion  in  Survey  No.  8;  very  fine-grained  gray 
rock,  showing  fine  crystals  of  red  feldspar,  prol^ably  orthoclase,  but  for  the  most 
part  this  is  an  amorphous ,  fclsitic  mass  embracing  grains  of  magnetite  and  viridite, 
with  other  minerals. 

26.  (Sur.  No.  8  B.)  Porphyry,  Duluth.  Has  orthoclase,  chlorite,  magnetite  and 
other  minute  gniins;  plainly  u  rock  resulting  from  the  metamorphism  of  the  sedi- 
mentary beds. 

27.  (Sur.  No.  8.)  Sub  crystalline,  showing  much  magnetite  and  quartz;  alao 
undistinguishab'e  grains,  some  of  which  are  probably  viridite,  htcmatite  and  pjTitc, 
in  a  felsitic  paste. 

28.  (Similar  to  Sur.  No.  8  C.)  Finely  sub-crystalline,  nearly  destitute  of  free 
quartz,  brownish  or  reddish.     Duluth. 

21K  (Sur.  No.  17.)  Outwardly  and  microscopically,  a  thin-bedded  red  shale  or 
sandrock;  east  of  the  Brewery  creek,  Duluth,  at  the  lake  shore.    In  thin  sectioa 
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shows  a  nisty  felsitic  ]>asc  with  much  magnetite  or  menaccanite,  and  viriditc;  the 
whole  clouded  with  amorphous  inclusions. 

30.  (8ur.  No.  33  H  )  Metamorphic  shale.  J)uluth,  at  the  lake  shore;  has  a  fel- 
sitic (?)  ground-mass,  showing  a  porphyritic  orthoclaso;  magnetite,  viridite,  hrem- 
Atitc,  apatite,  (quartz. 

31.  (Sur.  No.  67.)     Metamorphic  shale,  London,  near  Duluth. 

32.  (Sur.  No.  117.)  The  reddish  vein  from  Two  Harbor  rock.  Two  Harbor  Bay. 
Quartz  grains  and  geodic  aggregations,  in  a  reddish  orthoclase  base. 

33.  (Sur.  No.  124.)  Hock  of  the  west  bluff,  at  the  entrance  to  Beaver  Bay. 
Quartz  grains  with  impurities,  in  a  reddish,  dimmed  ba.se  that  seems  to  be  ortho- 
clastic,  magnetite,  apatite. 

34.  (8ur.  No.  127.)  Hardened  gray  shale,  from  near  the  mouth  of  Beaver  creek. 
Quartz  grains  can  be  seen  in  an  amorphous,  apparently  felsitic  base. 

35.  (Sur.  No.  120.)  Similar  to  127,  but  porphyritic  with  orthoclase  and  trans- 
lucent grains  like  adularia;  a  few  rods  N.  E.  of  the  mouth  of  Beaver  creek. 

36.  (Sur.  No.  I'M.)  Quartz,  orthoclase,  magnetite.  The  quartz  makes  up 
about  one-(iuarter  of  the  whole,  the  orthoclase  perhaps  two-thirds,  but  the  magne- 
tite is  only  in  occasional  grains.     This  is  from  the  thinl  island  east  of  Beaver  Bay. 

37.  (Sur.  No.  136.)  Is  from  opposite  the  fifth  island  east  of  Beaver  Bay. 
Wholly  crystalline  red  rock,  containing  quartz,  orthoclase  and  much  of  a  green 
mineral  that  is  probablj'  changed  hornblende.  This  green  mineral  is  generally 
fibrous,  with  spreading,  fan-shaped  radiations,  but  not  alwa\''s.  Sometimes  it 
bIiows  simply  a  green  felted  polarization,  always  green  at  -f  • 

38.  (Sur.  No.  138.)  The  rock  of  the  Great  Palisades;  an  orthoclastic  felsite, 
porphyritic  with  adularia,  resembling  Sur.  No.  129. 

39.  (Sur  No.  201.)  Orthocla.stic  felsite,  with  a  few  distinct  crystals  of  ortho- 
clase and  adularia  or  sanidin.  This  is  the  Palisade  rock  from  the  Copper  mine  up 
Fall  river. 

40.  (Sur.  No.  264.)  From  the  same  place  as  Sur.  No.  263,  east  of  Wauswaugoo- 
ing  Bay.  Quartzite  fragment  embraced  in  gabbro,  <[uartz  and  hornblende  in  a 
cement  of  felsite. 

41.  (Sur.  No.  26').)  From  the  upper  part  of  Sur.  No.  263,  where  in  contact  with 
the  metamorphic  rock.  Results  from  the  inclusion  of  a  fragment  of  the  sedimen- 
tarj'  beds  in  the  igneous.  Contains  (juartz,  orthoclase  and  hornblende,  with  fer- 
ritc  and  graphite. 

42.  (Sur.  No.  66«.)  The  "red  granite**  of  the  region  northeast  of  Grand  Marais. 
Consists  of  orthoclase,  quartz  and  changed  hornblende  with  magnetite. 

(c)  Mixed  Igneous  and  Sedimentary  Rocks. 

43.  (Sur.  No.  1  A.)  Gabbro.  Duluth.  Bice  Point  range,  near  a  contact  with 
No.  1  B.  Contains  labradorite,  uralitic  augite,  and  titaniferous  magnetite.  Some 
of  the  augite  is  changed  toward  viridite     Orthoclase  in  occasional  grains. 

44  and  45.  (Sur.  No.  5.)  At  the  depot,  Duluth;  labradorite,  augite,  quartz, 
magnetite,  orthoclase,  apatite.  The  augite  is  sometimes  viriditic  and  sometimes 
uralitic. 

46.  (Sur.  No.  6.)  Labradorite,  augite,  magnetite,  viridite  (perhaps  a  result  of 
change  from  hornblende)  and  an  occasional  grain  of  quartz.    This  is  a  dark-green, 
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heavy,  homogeneous  rock,  coarsely  crystalliue,  near  the  bay,  in  front  of  the  Clark 
House,  Duluth.    The  igneous  tj'pe  predominates. 

47.  (Sur.  No.  46 . )  Rock  showing  the  contact  between  the  igneous  and  the 
metamorphic  groups,  from  Duluth.  One  side  of  the  section  is  red,  and  contains: 
quartz  in  perfectly  distinct  and  abundant  grains,  making  up  about  one-third  or 
one-half  of  the  whole;  orthoclase,  which  is  next  in  amount  to  the  quartz,  these 
two  making  up  most  of  the  section;  apatite  in  small  quantity;  magnetite;  fenite 
and  hornblende  (?),  in  a  few  brownish-green  or  greenish  grains  which,  on  rotation 
at  +,  change  from  bluish-green  to  yellowish-green,  and  back  again. 

The  other  side  is  darker,  and  contains:  plagioclasc,  augite  grains  (altered  to 
uralite)  disposed  among  the  plagioclasc,  and  in  larger  grains,  sometimes  fibroos 
and  sometimes  broken  irregularly;  magnetite  in  much  greater  amount  than  in  the 
red  rock;  ferrite  in  small  quantity. 

48.  (Sur.  No.  263.)  C!ontains  the  minerals  both  of  the  igneous  and  the  sedi- 
mentary beds.  From  the  E.  side  of  Wauswaugoning  Bay.  Its  position  and  lim- 
ited extent  show  its  accidental  occurrence,  and  merely  local  importance.  The 
igneous  minerals  are  labradorite  and  magnetite.  The  sedimentary  are  quartz, 
orthoclase  and  hornblende.    Apatite  spicules  penetrate  them  all. 

49.  (Sur.  No.  282.)  From  the  porphyritic  main  axis  of  the  north  part  of  Susie 
Island,  near  Pigeon  Point.  Contains  plagioclasc,  orthoclase,  hornblende,  magne- 
tite, quartz,  pyrite. 

50.  (Sur.  No.  675.)  The  rock  of  the  top  of  Brule^  mountain,  north  of  Grand 
Marais.  Orthoclase,  quartz,  hornblende,  plagioclasc  (?)  magnetite,  yiridite,  fer- 
rite, chrysolite,  apatite. 

OBSERVATIONS. 

The  orthoclase  of  the  metamorphic  rocks  is  more  readily  dissemin- 
ated through  the  igneous  rocks  than  the  triclinic  feldspars  of  the  igne- 
ous are  through  the  metamorphic. 

The  magnetite  of  the  igneous,  as  at  Mayhew  Lake,  where  it  forms 
extensive  beds  of  iron  ore,  may  be  derived  from  the  exceedingly  fer- 
ruginous sedimentary  rocks.  Magnetite  seems  to  be  always  present  in 
the  crystalline  metamorphic,  and  is  probably  the  result  of  partial  de- 
oxidation  from  the  indigenous  hematite  that  gives  them  their  color. 
Chemical  analysis  of  the  red  shales  would  perhaps  show  the  presence 
of  titanium  with  the  iron  before  metamorphism,  and  would  indicate 
the  correctness  of  this  hypothesis.  Wherever  titanic  iron  is  found  in 
Minnesota,  it  is  where  the  two  series  of  rocks  are  in  contact  or  prox- 
imity, so  far  as  observed. 

A  fine  shale  becoming  heated  and  slowly  passing  toward  fusion  will 
first  show  crystals  of  the  easier  fusible  minerals,  i.  e.,  orthoclase  be- 
fore quartz;  and  if  the  change  stop  there  the  resulting  rock  would  be 
a  non-diflferentiated  (or  felsitic)  ground  mass  sprinkled  with  porphy- 
ritic feldspar  crystals,  all  the  siliceous  parts  being  embraced  in  the 
ground  mass.     On  the  other  hand,  a  fused  sedimentary  rock,  passing 
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to  solidification,  will  first  show  crystals  of  the  least  fusible  minerals, 
i.  e.,  quartz  before  orthoclase,  and  hence  will  contain  more  or  less 
perfect  crystals  of  quartz,  cutting  the  sides  of  the  later  formed  ortho- 
clase. Hence  the  same  metamorphic  rockfmay  show  no  quartz  in  one 
stage  of  metamorphism,  but  an  abundance  of  free  quartz  in  another. 
If  the  rock  at  first  held  grains  of  free  quartz  they  would  still  remain 
in  the  former  case,  and  would  be  an  evidence  of  its  original  sedimen- 
tary source,  and  in  the  latter  they  would  of  course  be  subject  to  re- 
crystallization. 

The  term  felsite,  as  used  in  this  paper,  is  intended  to  express  a  non- 
differentiated,  somewhat  metamorphic  rock,  derived  from  shale,  with- 
out any  reference  to  the  origin  of  felsite  rocks  described  in  other 
places. 
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V. 


THE  MUSEUM. 


Report  for  1881,  and  List  of  Additions. 

During  the  year,  955  entries  have  been  made  in  the  Museum  register. 
"While  the  most  of  these  specimens  have  been  obtained  through  the 
agency  of  the  survey,  as  in  former  years,  yet  many  have  been  received 
by  exchange  and  by  donations.  Exchanges  have  been  made  with 
Profs.  C.  U.  Shepherd,  Geo.  F.  Kunz,  E.  S.  Dana,  P.  H.  Mill,  Jr.,  S. 
Calvin  and  S.  G.  Williams.  The  principal  donors  have  been  Col.  J. 
B.  Clough,  superintendent  of  the  construction  of  the  Northern  Pacific 
Railroad,  who  has  sent  the  Museum  valuable  mammalian  and  arch- 
^ological  specimens  from  Montana;  Mr.  W.  E.  Swan,  who  has  pre- 
«erved  drillings  from  various  deep  wells  in  the  State  and  presented 
them  to  the  Museum;  U.  D.  Watkins,  fossils  and  otRer  specimens 
from  Ohio;  C.  E.  Whelpley,  preserved  drillings  from  the  Minneapolis 
deep  well,  and  Prof.  C.  W.  Hall,  various  rock  specimens  from  New 
England.  Other  donors  are  Regents  Sibley,  Chute  and  Gilfillan,  W. 
D.  Hurlbut,  J.  M.  Sullivan, 'C.  M.  Terry,  H.  A.  Strong,  R.  F.  Laythe, 
Prof.  J.  S.  Clark,  S.  F.  Heath,  John  A.  Green,  S.  Deutsch,  D.  A. 
Locke,  H.  S.  Peters  and  Dr.  Miller,  Asst.  Surgeon  U.  S.  A.,  Little 
Missouri  Cantonment. 

The  fossils  that  have  been  collected  from  time  to  time  have  not 
10 
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been  reported  until  their  names  were  determined,  and  hence  the  most 
of  them  are  still  unreported.  They  are  simply  registered  and  labeled 
suflSciently  to  serve  for  identifying  their  sources.  The  crystalline 
rocks  embraced  in  the  series  described  in  the  survey  report  have  not 
yet  been  registered  in  the  Museum.  They  have  the  survey  numbers 
only.     Of  some  of  them  numerous  duplicates  have  been  obtained. 

elephant's   teeth   from  MONTANA. 

Among  the  donations  to  the  Museum  by  Col.  J.  B.  Clough  is  a  large 
elephant's  tooth  which  is  worthy  of  special  mention.  Its  companion, 
a  small  specimen,  was  presented  by  Mr.  S.  Deutsch.  The  two  were 
obtained  in  the  same  locality  but  seem  not  to  have  belonged  to  the 
same  individual.  Unfortunately  the  larger  specimen  has  begun  to 
disintegrate  by  crumbling,  and  it  is  doubtful  whether  it  can  be  pre- 
served. 

These  teeth  were  obtained  near  the  Rosebud  river  in  Montana,  by 
the  parties  constructing  the  Northern  Pacific  R.  R  ,  but  their  special 
stratigraphical  relations  to  the  rocks  of  the  region  it  has  not  been  pos- 
sible yet  to  ascertain.  It  has  been  stated  by  Mr.  Deutsch  simply  that 
they  were  from  a  deep  cut  composed  of  clay  and  loose  rock.  The  ad- 
hering portions  of  the  matrix  consist  of  a  coarse,  lime-cemented  sand, 
or  conglomerate  like  some  known  to  exist  in  the  cretaceous  and  ter. 
tiary,  and  the  tooth  is  i)robably  not  of  post-tertiary  age. 

The  larger  tooth  measures  12J  inches  in  length  and  6i  inches  in 
transverse  perpendicular  section.  Across  the  grinding  surface  it 
measures  a  little  more  than  3^  inches.  It  has,  distinctly  preserved,  80 
transverse  plates.  There  is  an  appearance,  cm  the  anterior  extremity, 
of  a  thin,  imperfect  plate,  partly  eroded,  only  a  double  scale  of  enamel 
remaining,  separated  from  the  body  of  the  tooth  by  a  little  cement* 
This  plate  with  its  cement  does  not  occupy  the  full  width  nor  depth  of 
the  tooth,  but  was  especially  pitted  to  receive  the  first  attrition  on  the 
tooth  and  to  maintain  its  form  and  position,  as  the  tooth  adyanced. 
The  posterior  end  of  the  tooth  also  has  the  appearance  of  having  con' 
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sisted  of  one  or  two  more  plates  originally,  but  they  are  now  lost  by 
the  disintegration  which  has  attacked  the  whole  tooth.  Thus  the 
plates  must  have  numbered  22  or  23.  The  plates  existing  seem  to 
have  all  suffered  some  grinding  attrition,  but  only  the  anterior  sixteen 
are  so  worn  as  to  show  on  the  crown  the  double  enamel  ridges.  The 
posterior  ones,  which  are  more  and  more  inclined  forward,  the  farther 
they  are  removed  from  the  front,  are  either  in  the  immature  stage  of 
separate  denticles  which  are  not  yet  united  on  their  summits,  or  are 
so  involved  with  the  cement  that  they  are  not  yet  even  worn  so  as  to 
produce  the  annular  ridge  of  enamel  exhibited  by  those  farther  ad- 
vanced. The  bases  of  these  plates,  however,  with  denticles  at  their 
summits,  are  united  together  into  a  common  complex  fold,  firmly 
binding  the  tooth  in  one  mass.  This  therefore  seems  to  have  been 
the  sixth  or  last,  molar  of  a  mature  elephant,  or  mammoth,  and  from 
the  lower  jaw. 

'The  smaller  tooth  has  lost  by  disintegration  and  fracture  appar- 
ently about  four  of  its  plates  from  its  posterior  extremity.  While  it 
was  found  in  the  same  locality  it  was  probably  not  from  the  same  in- 
dividual. Its  crown  appears  to  have  been  unequally  opposed  by  the 
tooth  of  the  other  jaw,  for  its  plates  are  not  worn  off  so  as  to  show 
continuous  transverse  ridges  of  enamel,  except  on  the  anterior  portion, 
the  greater  number  of  plates  being  simply  rounded  over,  the  denticles 
standing  above  the  surface  with  their  natural  curved  contour,  with  no 
flattened,  grinding  sarface.  From  the  fact  that  the  denticles  are  some- 
what worn  they  must  have  served  for  mastication.  The  smooth,  flat- 
tened, and  oppressed  appearance  of  the  anterior  extremity  indicates 
^  that  the  preceding  tooth  had  not  yet  been  shed,  but  had  been  thrust 
by  mastication  constantly  against  it.  Still  it  was  not  wholly  protected 
by  its  predecessor,  but  was  exposed  on  the  end,  as  well  as  on  the  grind- 
ing surface  to  the  attrition  of  mastication,  and  its  most  advanced  cor- 
ner is  worn  oflf  obliquely  by  that  means.  It  had  about  fourteen  plates 
and  its  length  was  about  ten  inches.  It  was  probably  the  fifth  upper 
molar  of  the  extinct  mammoth. 
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The  region  in  which  the  teeth  were  found  is  not  drift-covered,  but 
the  soil  and  surface  debris  is  the  result  of  local  disintegration  of  the 
cretaceous  or  tertiary  beds.  It  is  hence  very  probable  that  these  teeth 
iire  true  fossils,  of  an  age  prior  to  the  glacial  epoch. 
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ARCHAEOLOGICAL  ADDITIONS  TO   THE  MUSEUM  IN  1881. 

• 

58.  Hair  of  a  native  of  the  New  Hebrides.     Two  braids. 

59.  Two  chalcedony  arrow  points,  from  near  Young  Men's  Butte. 
Dakota.     Presented  by  D.  P.  Jones. 

60.  One  chalcedony  spear  point,  from  near  Young  Men's  Butte, 
Dakota.    Presented  by  D.  P.  Jones. 

61.  Two  chert  arrow  points,  from  near  Young  Men's  Butte.  Da- 
kota.    Presented  by  D.  P.  Jones. 

62.  One  iron  arrow-point,  from  near  Young  Men's  Butte.  Dakota. 
Presented  by  D.  P.  Jones. 

63.  Small  stone  hammer,  withed.  From  Michigan.  Presented  by 
N.  H.  Winchell. 

64.  One  Indian  stirrup,  ornamented  with  white  beads.  Presented 
by  Col.  J.  B.  Clough. 

65.  One  stone  slab,  18  inches  in  length,  apparently  used  for  rubbing 
and  tanning  skins.      From  DakSta.      Presented  by  Col.  J.  B.  Clough. 

66.  One  hickor}'  bow  and  rawhide  case,  with  rawhide  quiver  con- 
taining seven  arrows,  five  of  them  with  iron  points.  From  Miles  City, 
Montana.     Presented  by  Col.  J.  B.  Clough. 

67.  An  Indian  weapon — a  quartz  pebble  surrounded  by  a  rawhide 
withe  which  is  extended  into  a  handle  about  three  feet  long,  terminat- 
ing with  a  loop  for  the  wrist,  and  stiflFened  by  a  flexible  stick.  From 
Miles  City,  Montana.     Presented  by  Col.  J.  B.  Clough. 

68.  Small,  perfect  arrow-point  of  quartzose,  oolitic,  or  concretion- 
ary chert.  Found  on  the  University  campus  by  Mr.  Fisher,  and  by 
him  presented  to  the  Universit}^  Museum. 

69.  Stone  ax,  withed,  of  dark  dioryte,  found  near  Albert  Lea.  Pre- 
sented by  Rev.  L.  J.  Hange. 

70.  Pangue  knife,  from  the  Ogove  river,  Africa,  said  to  be  made  of 
**native  iron,"  enclosed  in  a  snake-skin  sheath.  Presented  by  Rev. 
6.  C.  Campbell. 

71.  Loom  and  three  yards  of  cloth,  made  from  bast  fiber,  by  the 
IvUli,  of  the  Ogove  river,  Africa.  Presented  by  Thos.  Sinclair,  trader 
on  the  Ogove  river,  through  Rev.  G.  C.  Campbell. 

72.  Native  dress,  worn  by  the  Ivilliy  and  others  up  the  Ogove  river, 
Africa.     Presented   by   Thos.    Sinclair,   trader,  through  Rev.  G.  C. 

Campbell. 

73.  Prehistoric  Maize,  from  the  old  cemetery  near  Madisonville, 
Hamilton  county,  Ohio.     Presented  by  N.  H.  Winchell. 
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VI. 


GEOLOGICAL  NOTES  ON  MINNESOTA. 

BY  MR.  J.  H.  KLOOS. 
[Tranglated  by  N.  H.  Winchcll.] 

[NoT£. — These  notes  were  'made  by  Mr.  Kloos  when  eerving  as  Land  Agent  of  the  St.  Paul  k  Pacific 
R.  R.  and  were  published  in  the  Zeitschri/t  d.  DeuUchun  Go.ologUchen  GetfUtcha/t^  p .  417 .  They  ftir- 
nish  the  basis  for  tlie  subsequent  investigations  of  Streug  and  Kloos  on  the  crystalline  rocks  of  Minne- 
sota, and  contain  original  observations  on  the  stmtigraphical  relations  of  the  formations,  which  differ 
from  those  of  hbi  predecessors,  particularly  on  the  trap  and  sandstoiA  at  Taylor's  Falls.  They  furnish 
an  important  historical  link  between  the  surveys  ol  Owen,  Whittlesey  and  Eamea,  and  the  beginning  of 
the  present  survey.] 

Since  the  publication  of  the  geological  survey  carried  on  under  the 
direction  of  the  American  geologist,  David  Dale  Owen,  little  that  is 
noteworthy  has  appeared  on  the  geology  of  Minnesota. 

Owen  with  his  assistants,  Norwood,  Shumard,  Whittlesey  and  eight 
others,  explored  the  States  of  Wisconsin,  Iowa  and  Minnesota  from 
1847  to  1850.     In  his  report  to  the  government  of  the  United  States  he 
gives  a  careful  description  of  the  country  in  respect  to  its  geography 
and  geology,  its  fauna  and  flora,  as  well  as  its  agricultural  resources. 
The  638  pages  of  his  heavy  quarto  volume  contain  a  vast  amount  of 
valuable  and  exact  observations,  especially  upon  the  northern  part  of 
the  district  examined,  in  which  even  yet  exploration  is  attended  usu- 
ally with  great  difficulties.     A  fault  of  the  work  is  its  petty  simplicity. 
The  detailed  descriptions  of  many  river-valleys,  in  respect  to  topo- 
graphy and  climatology,  render  difficult  the  attainment  of  a  general 
view  of  the  geology.     The  description  of  the  crystalline  rocks  of  Min- 
nesota, which  in  many  respects  possess  a  high  importance,  is  faulty. 
Also  the  palaeontological  subjects  are  not  thoroughly  treated,  and  the 
illustrations  of  new  species  published  by  Owen  possess  little  merit.* 

In  the  year  1866t  appeared  a  little  pamphlet  on  Minnesota  by  Charles 
Whittlesey,  formerly  an  assistant  of  Owen.     It  is  confined  almost  en- 


*Report  of  a  Geological  Sanrey  of  Wisconsin,  Iowa  and  Minnetota,  by  aathority  of  CoDgrws,  by  Dayid 
Dale  Owen,  Philadelphia,  1862. 

fA  report  of  explorations  in  the  minerml  regioni  of  Minnesota  during  the  yean  of  1841, 1859  and  1864, 
CleTeland,  1866. 
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tirely  to  the  shores  of  Lake  Superior,  and  describes  the  conditions  and 
appearance  in  situ  of  copper  and  other  metals. 

The  examinations  by  the  State  Geologist,  Henry  H.  Eames,  pertain 
exclusively  to  those  parts  of  Minnesota  in  which  copper,  iron  and 
small  quantities  of  gold  are  found.  In  his  report  for  1866  he  confines 
himself  to  the '^description  of  the  occurrence  of  the  useful  metals  and 
their  ores.* 

An  important  paper  on  the  geognosy  of  southwestern  Minnesota  was 
published  by  Prof.  James  Hall  in  the  year  1866.  His  design  was  to 
examine  the  outcrop  of  coal  on  the  Cottonwood  river,  one  of  the  im- 
portant tributaries  of  the  St.  Peter,  or  Minnesota  river.  Owen  with 
his  assistants  had  been  only  to  the  mouth  of  the  Cottonwood.  Hall 
penetrated  as  far  as  the  celebrated  locality  where  the  Indians  obtained 
the  **Pipestone**  for  thftr  pipes.f  He  shows  that  the  coal  outcropping 
there  belongs  to  a  younger  formation — viz. :  the  Cretaceous — and  as- 
sumes the  former  extension  of  the  Cretaceous  as  well  as  the  older  Meso- 
zoic  strata,  over  that  part  of  Minnesota.  At  the  same  time  he  offers 
some  valuable  observations  upon  the  crystalline  and  metamorphic 
rocks  which  appear  along  the  Minnesota  river  above  the  mouth  of  the 
Cottonwood,  t 

In  the  following  I  have  sought  to  gather  together  in  a  comprehen- 
sive survey  my  various  notes  on  different  parts  of  Minnesota;  and 
where  it  has  been  necessary  to  a  comprehension  of  the  description,  and 
I  was  not  able  personally  to  make  examinations,  I  have  filled  them 
out  from  earlier  observations  of  others.  By  means  of  the  map  I  have 
aimed  rather  to  aid  the  reader  than  to  present  an  exhibition  of  the 
geological  conditions.  The  points  of  observation  are  in  the  river  val- 
leys, separated  by  wide  tracts  covered  by  drift,  and  we  are  not  at  this 
time  in  condition  to  announce  with  any  certainity  the  boundaries  of 
the  formations.  I  have  gathered  much  material  which  is  designed  for 
a  more  careful  investigation  at  some  later  time,  and  if  time  and  op- 
portunity are  afiForded  me  I  aim  to  treat  the  separate  subjects  more 
thoroughly,  which  now  can  only  be  mentioned  briefly. 

The  State  of  Minnesota  in  the  geographical  center  of  the  continent 


*Report  of  the  State  Geologist,  Henry  H.  Eamea,  on  the  metalliforouB  region  bordering  on  Lake  80- 
perior.  St.  Paul,  1866. 


fMr.  KI008  has  fallen  into  an  error  in  respect  to  both  Owen  and  Hall.  Owen's  aadttant,  ShnmanL  as- 
cended the  Minnesota  valley  as  far  as  the  mouth  of  the  Redwood  river,  instead  of  the  month  of  theCot- 
tonwood;  while  Hall  only  went  as  far  west  as  Lake  Shetek,  instead  of  to  the  Pipeatone  quarry.  (If. 
H.  W.) 


tNotes  upon  the  Geology  of  some  portions  of  Minnesota,  from  St.  Paul  to  the  western  part  of 
ate.    By  James  Hall,  Trans.  A.m.  Phil.  Soc.  vol.  XIII,  p.  329. 
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of  North  America,  lies  between  43^  and  49  degrees  of  north  latitude, 
and  between  >'9i  and  97  degrees  of  west  longitude.  This  member  of 
the  American  Union  is  bounded  on  the  south  by  Iowa,  on  the  east  by 
Wisconsin,  north  by  the  Winnipeg  district  of  British  America,  and 
westerly  by  the  territory  of  Dakota.  The  area  of  the  state  embraces 
S4,000  English  square  miles.*  A  wide  wedge,  jutting  toward  the  east, 
extends  between  Lake  Superior  and  the  Rainy  lake  river  which  with  a 
succession  of  small  fresh-water  lakes  forms  the  boundary  line  along 
British  America.  Therefore  Minnesota  has  a  coast  line  of  160  miles, 
and  a  position  extremely  favorable  for  trade  with  the  eastern  States. 

To  the  geographer,  therefore,  Minnesota  possesses  a  great  intrest,  in- 
asmuch as  within  its  borders  are  found  the  spring-sources  of  the  great 
rivers  of  the  American  continent.  It  lies  to  the  north,  in  the  least 
accessible  portion  of  the  United  States.  Upon  the  accompanying  map 
of  Minnesota  can  be  seen  two  small  lakes,  distant  but  a  few  miles  from 
each  other,  known  as  Itasca  and  Elbow  lakes.  In  lake  Itasca  the  Miss- 
issippi river  has  its  source,  and  in  Elbow  lake  the  Red  river  of  the 
North.  The  former  flows,  as  is  known,  in  a  southerly  direction  to  the 
Gulf  of  Mexico;  the  other  turns  with  a  sharp  angle  toward  the  north, 
unites  in  the  great  lake  Winnipeg  with  the  waters  of  the  Saskatche- 
wan coming  from  the  Rocky  Mountains,  and  empties  with  them 
through  the  Nelson  river  into  Hudson's  Bay.  Lastly,  the  St.  Louis 
and  the  Rainy  lake  rivers  form  the  beginning  of  the  extensive  fresh- 
water system  which  comprises  the  chain  of  great  lakes,  and  empties  its 
waters  in  the  Atlantic  through  the  St.  Lawrence,  t 

In  Minnesota  the  banks  of  the  Mississippi  and  its  tributaries,  to. 
gether  with  the  rocky  shores  of  lake  Superior,  with  its  many  short 
water  courses,  and  the  small  lakes  in  the  extreme  northern  part  of  the . 
state,  afford  the  only  information  concerning  the  age  and  composition 
of  the  earth's  crust.  As  soon  as  one  leaves  the  river  valleys,  he  finds 
the  older  formations  covered  with  heavj'^  rolling  hills  of  sand  or  clay 
without  organic  remains.  These  later  deposits,  which  form  a  covering 
unbroken,  except  by  the  river  valleys,  are  a  part  of  the  **  Drift  Forma- 
tion," of  North  America.  Over  an  extensive  part  of  this  territory  it 
is  spread  out  over  the  oldest  crystalline  rocks  and  on  the  sedimentary 
formations,  and  it  extends  south  to  the  fortieth  degree  of  north  lati- 
tude.    Even  of  the  drift,  in  many  parts  of  the  state,  can  an  idea  of  the 


•Wherever  in  this  work  miles  are  mentioned,  the  English  Statute  miles  must  be  understood,  of  which 
4.61  make  a  geographic  mile. 

fMr.  Kloss  here  loosely  refers  to  the  northern  waters  of  the  state.    In  reali|7  the  Rainy  Lake  river 
does  not  flow  east  into  lake  Superior,  bat  westward  into  lake  Winnipeg.    [N.  H.  W.] 
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compositiou  and  nature  be  ascertained  only  along  the  separate  water- 
courses, because  for  days  together  one  can  travel  without  getting  sight 
of  a  rock  or  of  a  hill.  Either  the  grassy,  boundless,  prairies  stretch 
out  in  all  directions  so  that  the  eye  cannot  discern  any  tree  or  shrub^ 
or  vast  forests,  with  successive  meadows  and  lakes,  cover  the  country* 
In  the  northern  part  of  the  state  are  many  impenetrable  cedar  swamps^ 
and  through  there  it  is  only  possible  to  pass  in  winter,  when  the 
swamps  are  frozen. 

The  sand  and  clay  deposits  of  the  drift  formation  are  so  thick  that 
the  smaller  water-falls,  the  brooks  and  the  rivers  which  have  little 
descent,  afford  no  additions  to  the  outcropping  rock.  In  southern  Min- 
nesota are  cuts  along  the  railroads  from  lifty  to  a  hundred  feet  deep  in 
which  the  bluffs  show  nothing  but  sand,  loam  and  clay,  without  any 
organic  remains.  '  The  drift'  forms  sometimes  a  hilly,  heavy  deposit  or 
extensive  terrain,  and  sometimes  a  smooth  horizontal  surlace  as  leve^ 
as  the  sea.  The  depressions  and  valleys  between  the  hills  are  generally 
filled  with  water,  and  thus  are  formed  a  numberless  multitude  of 
smaller  and  larger  lakes.  Their  shores  generally  descend  gradually, 
and  show  in  the  water-worn  masses  which  gather  there,  the  most  varied 
kinds  of  crystalline  rocks  and  metamorphic  schists.  Many  swampy 
spots,  both  in  the  forest  and  on  the  prairie,  are  dried  up  lakes.  By 
further  draining  these  make  excellent  pasture  grounds.  The  low 
grounds  filled  with  water  in  the  surface  of  the  drift,  are  the  remains 
of  a  single  extensive  fresh-water  lake.  In  many  places  can  be  seen  the 
remains  of  this  old  lake  deposit.  They  consist  of  clay  and  loam  with 
the  same  fresh-water  mussel  and  snail  shells  as  live  at  the  present  time 
in  lakes  and  rivers.  The  southern  shore  of  this  lake  lies  probably  no** 
far  from  the  Iowa  boundary,  where  the  highest  ridges  of  the  plateau 
are  found.  At  Rochester  and  Mankato,  points  south  of  the  Minnesota 
i-iver,  have  been  found  trunks  and  branches  of  various  kinds  of  trees, 
especially  oak  and  cedar,  in  hills  consisting  of  clay,  twenty  to  fifty 
feet  under  the  surface,  and  nine  hundred  and  forty  feet  above  the  ocean 
level.  These  are  all  evident  proofs  that  these  ridges  have  once  been 
the  swampy  shores  of  an  ancient  fresh-water  basin. 

The  plains  of  Minnesota  have  a  hight  from  800  to  1,200  feet  above 
the  sea-level.  The  hill-ranges  which  run  in  various  directions  and 
form  the  water  divides  between  the  rivers  and  river-systems,  reach  in 
some  places  the  hight  of  1600  and  1700  feet.  These  are  at  the  same 
time  also  the  highest  land  of  the  country,  and  actual  mountain  ranges 
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of  rock  do  not  exist/  The  passage  from  the  low  lands  to  the  water 
sheds  is  for  the  most  part  imperceptible,  and  the  undulations  of  the 
plains,  with  the  exception  of  the  shores  of  the  great  rivers,  take 
place  altogether  gradually.  The  highest  water-shed  lies  in  the 
northern  part  of  the  state,  and  separates  the  waters  which  flow 
south  through  the  Mississippi  vallej,  from  those  which  have  a 
northerly  direction  toward  Hudson's  bay.  It  is  composed,  through 
its  whole  extent,  of  drift;  also  theother  divides,  and  greater  ele- 
vations of  the  surface,  consist  of  sand,  loam  and  clay,  and  it  is 
in  the  lower  grounds  and  river  valleys  that  one  must  seek  for 
the  older  layers  of  the  earth's  crust.  The  shores  of  the  Missis- 
sippi, with  the  range  of  bL:ffs  lying  nearest,  consist  of  rocks 
which  belong  to  the  oldest  portions  of  the  Silurian  formation.  They 
are  sandstones  and  dolomitic  limestones  which  correspond  to  the  Pots, 
dam  and  Calciferous  Sandstone,  as  well  as  the  Trenton  period,  in  the 
state  of  New  York  and  in  Canada.  The  layers  are  in  all  places  nearly 
horizontal;  but  where  the  river  has  excavated  the  sandstone,  and  un- 
dermined the  limestone  beds,  the  latter  are  thrown  down,  and  in  many 
places  over  large  areas,  have  apparently  suffered  an  extensive  denuda- 
tion. The  formations  mentioned  are  in  outcrop  from  the  mouth  of  the 
Wisconsin  river  to  the  Falls  of  St.  Anthony,  over  an  extent  of  210 
miles.  At  the  Wisconsin  river  the  higher  layers  of  the  Silurian  dis- 
appear, and  there  remain  only  the  equivalents  of  the  Potsdam  and 
Calciferous  sandrock,  from  there  to  St.  Paul.  The  beds  have  at  first 
a  gentle  southerly  dip,  which  they  maintain  to  Mountain  Island,  in  the 
neighborhood  of  the  city  of  Winona.  Here  is  the  highest  part  of  a 
saddle-shaped  elevation,  and  from  there  the  layers  have  a  dip,  though 
almost  imperceptible,  toward  the  north.  The  elevation  and  depression 
in  the  hight  of  the  separate  layers  make  it  i)08sible  to  establish  tliese 
conditions  most  clearly,  as  has  been  set  forth  in  several  profiles  by 
Owen  in  an  admirable  manner.  I  had  the  opportunity  »to  examine 
somewhat  carefully  the  layers  in  the  heighborhood  of  this  saddle. 
The  first  line  of  bluffs  rises  precipitously  to  the  hight  of  five  or  six 
hundred  feet  above  the  floodplain,  and  shows  the  outcroping  of  beds 
which  after  considerable  interruption  have  their  continuance  on  the 
opposite  shore.  The  lowest  is  a  sandrock,  and  over  it  are  beds  of  dolo- 
mite. The  former,  which  occupies  the  greater  part  of  the  rock-blutf, 
exhibits  a  different  texture  in  different  places.  Some  beds  are  coarse- 
grained, and  approach  a  conglomerate,  and  others  are  very  fine-graincMi. 
It  in  in  general  loose  and  crumbling  with  lime-cement.    The  dolomite, 

*  According  to  pnblithed  •tovatlons,  th«  hlf  ht  or  Uk«  SnpMior  nt  its  low  itagt  U  taken  at  MO  Utei. 
The  latest  meavaremente  give  an  average  bight  of  606  feet)  The  Water-level  varies  in  diffisrent  years, 
and  changes  even  with  the  seasons. 
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which  here  may  reach  a  thickness  of  ninety  feet,  is  of  a  light  color, 
vesicular-crvstalline,  and  Resembles  the  German  ZechRfein-doltmiif.  It 
incloses  many  calc-spar  and  flinty  concretions,  which  often  attain  a 
considerable  size.  I  could  discover  no  distinct  fossils  Only  in  one 
place  did  [  find  a  fragment  of  a  coiled  cephalopod,  which  must  have  been 
of  considerable  size.  Afterwards  Pfound  the  same  sandstone  on  the  St. 
Croix  river  where  some  of  the  layers  are  very  rich  in  Invalves,  and  I 
shall  mention  later  their  occurrence  in  describing  the  same  rock  again 
in  the  neighborhood  of  Taylor's  Falls.  The  sandstone  Owen  has 
named  Lower  Silurian  sandstone  of  the  upper  Mississippi,  and  the  dolo- 
mite he  distinguishes  as  the  Lower  Magnesian  litnestone.  The  former 
answers  to  the  Potsdam  Sandstone,  and  the  latter  to  the  Calciferous 
Sandstone,  of  New  York.  The  characteristic  fossils  are  trilobites, 
which  for  the  mast  part  belong  to  the  genus  Dikelocephalns,  also  Lingn- 
la  and  Orhicula.  In  Minnesota  it  is  difficult  to  find  any  large  frag- 
ments of  trilobites  in  the  crumbling  sandstone.  Relying  on  observa- 
tions made  in  Wisconsin,  Owen  distinguishes  in  this  sandstone  six 
trilobite-beds,  which  are  separated  from  each  other  by  other  beds  from 
ten  to  a  hundred  and  fifty  feet  thick.  In  the  magnesian  limestone 
have  been  found  up  to  this  time  only  inconsiderable,  and  hardly  recog- 
nizable, remains  of  fossils.  They  are  a  small  LinguJa,  casts  of  the  in- 
terior of  shells  which  are  related  to  Euomphalus  and  Ophileta,  also 
fragments  of  trilobites  like  those  in  the  sandstone.  The  geological 
horizon,  therefore,  of  the  lower  dolomite  must  be  determined  at  pres- 
ent from  its  position  between  the  Potsdam  Sandstone  and  layers  of  the 
Trenton  formation. 

Before  reaching  the  mouth  of  the  St.  Croix  river  Jibove  which  both 
banks  of  the  Mississippi  belong  to  Minnesota,  the  lower  sandstone  dis- 
appears, and  the  shores,  which  have  a  hight  of  200  or  300  feet,  consis 
entirely  of  dolomite,  which  exhibits  most  remarkable  water-worn 
forms,  and  presents  many  changes  in  its  outer  contour.  The  bluffs 
frequently  pass  back  from  the  water,  and  the  banks  become  lower. 
At  Red  rock,  six  miles  below  St.  Paul,  the  hills  are  half  a  mile  back 
from  the  river,  while  the  shores  rise  but  a  few  feet  above  the  water 
level,  and  form  a  plain  which  is  fertile  but  exposed  to  frequent  inun- 
dations. Small  exposures  of  the  dolomite  are  still  to  be  seen.  The 
bluffs  consist  almost  entirely  of  the  next  higher  layers,  the  equivalents 
of  the  Trenton  formation.  At  St.  Paul  the  same  rocks  outcrop  by  the 
river,  and  form  a  rugged  rock  bluff  from  90  to  100  feet  high.  Prom 
here  the  Trenton  group  continues,  till,  above  the  falls  of  St.  Anthony, 
all  the  layers  disappear  together  under  a  heavy  covering  of  drift. 
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At  St.  Paul  the  bluflFs  have  a  thickness  of  65  feet  of  sandstone,  cov- 
ered by  15  to  25  feet  of  heavy  limestone  layers,  a  repetition,  therefore, 
to  a  certain  extent  of  the  bluflFs  below.  Yet  the  sandstone  hardly  de- 
seryea  this  name,  in  that  a  cementing  material  is  entirely  wanting;, 
and  the  rock  can  be  dug  into  as  easily  as  a  sand  bank.  Indeed  it  is 
nothing  but  a  vast  bed  of  quartz  grains  that  hardly  hang  together,  in 
some  places,  of  unusual  clearness  and  transparency.  For  this  reason  it 
has  been  recommended  by  Shumard,  one  of  Owen's  asuistants,  for  the 
manufacture  of  glass.  The  shining  white  walls  Ox  this  sand  rise  per- 
pendicularly from  the  water,  and  reach  at  Fort  Snelling,  an  old  forti- 
fication against  the  Indians,  at  the  mouth  of  the  St.  Peter  river,  its 
greatest  height.  From  here  to  St.  Anthony  the  height,  as  well  as  the 
thickness,  of  the  sandstone  gradually  diminishes.  I  have  never  yet 
succeeded  in  finding  any  fossils  in  this  sand,  and  Owen  regards  it  as 
entirely  destitute  of  fossil  remains.  As  it  everywhere  appears  in  close 
connection  with  the  overlying  limestone  beds,  which  contain  a  great 
number  of  fossils  characteristic  of  the  Trenton  of  New  York  and  the 
Llandeilo  Flags  of  England,  it  must  for  that  reason  be  placed  with 
them  in  the  same  group,  and  is  regarded  by  American  geologists  as  the 
western  equivalent  of  the  Chazy  limestone. 

It  seems  at  first  a  remarkable  circumstance  that  so  old  a  sandstone, 
covered  by  limestone  beds,  should  possess  so  little  firmness,  but  on  ex- 
amining carefully  the  stratification,  a  shale  bed  is  discovered  between 
the  limestone  and  the  sandrock,  by  which  a  supply  of  limy  cement 
must  be  entirely  cut  ofi^.  Indeed  in  the  upper  part  of  the  sandstone 
are  shaly  layers,  and  they  attain,  under  the  limestone,  a  thickness  of 
one  and  a  half  to  two  feet.  The  shale  has  a  dull  blue  color,  eflFercjesces 
with  acids,  on  being  dried  falls  away  in  long  shaly  fragments,  and  is 
converted  to  a  thick  paste  when  exposed  to  the  influence  of  water  and 
air. 

Concerning  the  stratification  of  the  Trenton,  as  it  is  displayed  on 
the  upper  Mississippi,  I  shall  speak  in  a  later  work.*  The  cities  of  St. 
Paul,  Minneapolis  and  St.  Anthony  are  built  upon  the  same  rock-beds, 
and  in  St.  Paul  especially  are  found  numerous  outcrops.  The  lime- 
stones  are  clayey  or  dolomitic.  The  middle  portion,  which  is  the 
greatest,  furnishes  a  very  good  building  material,  of  which  the  stone 


*The  layers  of  the  Trenton  have  had  formerly  a  mnch  greater  extent.  In  soatheawtern  Mione<«ntH 
are  many  inolated  patches  of  limestone  and  of  the  St.  Peter  sandstone  yet  to  be  brought  to  light  and  de- 
scribed.  The  fine  sand  which  has  so  great  an  extent  in  the  banks  of  the  St.  Peter  river  is  derived  fi  oni 
the  weathered  and  scattered  debris  of  sandrock. 
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structures  of  the  cities  mentioned  are  built.     The  best  known  fossils 
are: 

(hihis  tricenaria.     Conrad. 

Off  his  testudinaria.     Dalm. 

Leptaena  sericea.     Sow. 

A  smooth  Pentainerus  and  a  Strophwnefia. 

Murchisonia  bicincta. 

Hellerophon  bilobatus.    Sow, 

All  characteristic  shells  of  the  Trenton,  and  partly  also  of  the 
Llandeilo  Flags  of  England. 

In  the  higher  layers  are  added  corals  and  brachiopods  as  well  as  a 
trilobite,  which  are  not  seen  in  the  lower  layers.  They  are  for  the 
m<»st  part  the  following: 

R/ii/nchotiella  recurvirostra.     Hall. 

Rhynchonella  increbescens.     Hall. 

Petraia  corniculmn.     Hall. 

Stenopora  fibrosa.     Goldf . 

Calymene  senaria,     (Blumenbachii.) 

Ptilodktya  sp. — 
fossils  which  altogether  have  been  assigned  to  the  Trenton  by  Logan 
in  (Canada. 

Six  miles  above  St.  Paul  the  Minnesota  or  St.  Peter's  river  empties 
int«)  the  Mississippi,  having  its  source  in  a  lake  on  the  boundary  line 
of  Dakota.  In  its  banks  the  lower  beds  of  the  Silurian  again  outcrop. 
Still  its  banks  remain  much  lower  than  those  of  the  Mississippi,  and 
tlip  lower  sandstone  nowhere  reaches  a  greater  thickness  than  35  feet 
above  the  water.* 

Between  Minneapolis  and  St.  Anthony,  which  lie  opposite  each 
other,  the  Mississippi  forms  at  the  present  time  a  water-fall  which,  in 
a  manner  similar  to  Xiagara,  only  at  a  greater  rate,  is  kept  in  constant 
n»('»*ssi()n.  The  white  sandstone,  or  rather  the  sand  bank,  is  exposed 
unreasingly  to  the  inHuence  of  the  falling  water.  It  is  washed  out* 
and  the  overlying  limestone  beds  are  broken  oflF  in  great  sheets  which 
fall  down.  This  process  can  be  observed  everywhere  in  the  neighbor- 
hood of  the  falls  In  the  midst  of  the  river-channel  lie  the  limestone 
masses  scattered  here  and  there  in  wild  confusion.  The  falls  are  now 
but  twenty  feet  high,  yet  must  have  had  formerly,  when  the  water 
plunged  from  the  limestone  beds,  further  down  the  river,  a  much 
gn*ater  height.     Plans  have  been  sought  for  to  keep  the  falls  in  the 


*The  "I^uwer  SandAtoiii'.'*  here  refldrrwl  to  is  the  Jontan  suniNtone,  and  in  not  tbe  '*Ix>wer  tendflioiM" 
ftwn  ni  the  Mississippi  hlulTo.    [N.  H   W.] 


STATE   OEOLOOTST,  188 

<jame  place  by  means  of  dams,  canals  and  locks,  since  both  St.  Anthony 
and  Minneapolis  are  manufacturing  cities,  and  the  timber  from  the 
northern  part  of  the  State  is  here  sawed  in  a  large  number  of  mills. 

Every  little  stream  that  enters  the  Mississippi  over  its  high  bluflFs 
exhibits  in  a  small  way  the  same  phenomena.  Hence  arise  a  number 
of  smaller  very  picturesque  water-falls,  which  are  met  with  in  the 
neighborhood  of  both  the  cities  mentioned,  among  whieh  Minnehaha 
(Laughing- water)  is  best  known. 

The  Trenton  limestone  is  the  youngest  member  of  the  Silurian  for- 
mation that  T  have  as  yet  been  able  to  find  in  the  banks  of  the  Missis- 
sippi.* In  southern  Minnesota  it  seems  also  that  the  equivalents  of 
the  Hudson  river  and  Clinton  formations  are  found.  During  the  writ- 
ing of  this  sketch  I  have  seen  in  an  American  teacher's  monthly  jour- 
nal a  little  treatise  on  the  geology  of  southern  Minnesota,  in  which  the 
author  mentions  in  the  banks  of  Root  river,  a  tributarv  of  the  Missis- 
sippi,  a  hundred  and  forty  feet  of  beds  of  shale  and  shaly  layers 
overlying  the  Trenton  limestone,  and  covered  by  still  other  beds  of 
sandstone  with  a  thickness  of  a  hundred  and  fifty  fept.t  Still  I  have 
not  been  able  to  learn  anything  in  detail  concerning  these  layers;  and 
inasmuch  as  no  fossils  from  these  beds  were  mentioned  their  age  still 
remains  questionable,  although  it  is  not  unlikely  that  the  younger 
members  of  the  Silurian  pass  from  northern  Iowa  to  this  side  of  the 
Minnesota  boundary.  T  have  exhibited  the  boundaries  of  the  Upper 
Silurian  and  Devonian  in  southeastern  Minnesota  on  the  accompany- 
ing plate,  according  to  the  representation  of  Mr.  Hurlbut. 

Above  St.  Anthony  the  older  formations  are  covered  by  sand  and 
drift  for  a  distance  of  sixty  miles,  and  the  banks  of  the  Mississippi 
show  no  outcrops.  A  few  miles  below  the  city  of  St.  Cloud  the  area 
of  the  crystalline  rocks  begins.  The  stratigraphical  relations  of  the 
sedimentary  formations  in  respect  to  these  outcrops  of  granitic  rocks 
unfortunately  cannot  be  ascertained.  The  most  southerly  point  at 
which  I  found  the  granitic  rock  was  on  the  Sauk  river,  one  of  the  im- 
portant tributaries  of  the  Mississippi  river  in  this  region.  Also  be- 
tween these  rivers  low  outcrops  of  granite  rock  suddenly  appear  in  the 
midst  of  the  forest.  In  the  banks  of  the  Mississippi  itself  no  outcrops 
of  granite  are  known  so  far  south.  The  strike  of  the  crystalline  rock 
seems,  for  that  reason,  to  run  in  a  north  northeasterly  direction.  It 
forms  low  hills,  and  fiat,  or  somewhat  rounded,  knolls,  which  rise  sud- 


*The  HudsoD  River  bedn  cftn  be  seen  at  9%.  Paal,  with  « tiiiekneM  of  Aboat  100  ftet.    [N.  H.  W.] 


*  fW.  D.  Hurlbiit,  in  the  Mia neeota  Teacher,  Febraary,  2871. 
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denly  above  the  swampy  plains.  The  Mississippi  continues  twenty 
miles  in  this  wa}- — toward  the  north  then  it  enters  on  a  belt  of  metam- 
ori)hic  schists  of  about  the  same  width,  of  which  I  only  had  informa- 
tion of  a  mica-schist  containing  a  great  number  of  beautiful  stauro- 
lite  crystals. 

The  crystalline  rocks  of  the  Upper  Mississippi  show  a  great  diflfer 
ence  in  their  structure.  They  consist,  for  the  most  part  of  hornblende, 
orthoclase,  oligoclase  and  mica.  Quartz,  indeed,  is  generally  also  pres' 
ent,  though  often  in  very  small  amount.  Real  granites,  disregarding 
several  fine  granite-porphyries,  are  apparently  rare,  tis  well  as  real 
syenites.  These  rocks  arv*  iii  man}'  respects  interesting  and  I  am  pre- 
paring a  more  special  work  on  the  subject.  The  syenite-granites,  as  I 
shall  provisionally  designate  them,  show  numerous  changes  from  horn' 
blende  to  mica.  Man}'  parts  are  hornblendic  on  the  borders,  and  others 
are  completely  covered  over  with  mica  scales.  The  hornblende  is 
greenish-black,  lustrous  or  earthy,  the  mica  dark-brown,  and  very 
glistening. 

Quarries  have  lately  been  opened  in  different  rocks  of  this  range; 
they  are  to  be  used  as  building-stone,  which,  till  now,  has  been  con- 
fined to  the  bluish  dolomitic  limestone  of  St.  Paul  and  St.  Anthonv. 
At  St.  Cloud  a  rock  has  been  opened,  which  shows  uniformly  a  clear- 
blue  color  which  is  derived  from  the  bluish-white,  translucent,  felds- 
par. The  United  States  Custom  House,  in  St.  Paul,  is  now  partly 
built  of  it,  and  it  has  also  been  used  a  little  in  smaller  buildings.  At 
Sauk  Rapids  is  a  similar  rock,  bearing  less  quartz  and  more  hornblende, 
used  in  the  construction  of  a  dam,  and  for  bridge-piers.  P'urther  north 
has  been  opened  for  several  months  a  quarry  in  a  very  fine  decided  gran- 
ite. The  greatly  predominating  orthoclase  has,  in  fresh  condition,  a 
glistening  white  color.  Next  to  that  in  amount  comes  the  quartz,  in 
grayish  grains,  and  then  black  mica.  This  rock  is  also  known  aa 
**  Watab  white  granite,**  and,  as  soon  as  the  railroad  which  now  only 
reaches  as  far  as  Sauk  Rapids,  is  extended  further,  will  be  largely  trans 
ported  to  Chicago  and  St.  Louis  for  large  buildings. 

In  the  whole  Mississipi  valley,  from  New  Orleans  to  St.  Cloud,  no 
crystalline  rocks  are  found,  and  it  has  been  necessary  to  use,  unti^ 
now,  limestone  and  sandstone,  of  rather  inferior  quality,  as  material 
for  building.  The  quarrj^ng  of  these  granite  rocks  on  the  upper 
Mississippi  promises  for  Minnesota  in  the  future  to  become  an  import- 
ant industry. 

In  a  south  south-westerly  direction  appears  a  similar  region  of  crys- 
talline rocks,  exposed  on  the  Minnesota  river,  where  Owen  observed 
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granite  and  syenitic  rocks  over  an  extent  of  45  miles,  between  the 
Cottonwood  and  Redwood  rivers.  The  region  between  these  points 
furnishes  no  outcrops.  It  consists  partly  of  rolling  prairie,  and  has 
many  lakes  on  the  shores  of  which  water-worn  drift-bouhlers  are 
heaped  up.  The  drift  here  is  very  thick;  and  as  the  leveling  for  the 
building  of  the  Pacific  railroad  has  been  carried  over  it,  it  is  found  to 
constitute  a  high  plateau  between  the  Sauk  and  Minnesota  rivers. 

While  on  one  side  the  hight  of  the  first  plateau  at  the  Mississippi 
reaches  750  to  800  feet  above  the  sea  level,  and  lake  Traverse  on  the 
Dakota  boundary  on  the  other  side  lies  825  feet  above  the  sea,  the  line 
of  divide  through  this  high  plateau,  in  the  strike  of  the  granite  range, 
is  from  l,U)Oto  1,250  feet  above  the  sea. 

According  to  Whittlesey  who  has  passed  repeatedly  over  the  region, 
there  is  a  connection  between  the  granites  of  the  upper  Mississippi 
and  those  of  the  Minnesota.  He  even  goes  further,  and  continues  the 
range  northeastwardly  along  the  watershed  north  of  lake  Superior. 
The  crystalline  rocks  observed  by  him  on  the  upper  course  of  the  Rum 
river,  south  of  Mille  Lacs  lake,  lie  in  the  same  prolongation.  The 
slight  elevation  of  the  ridges  and  the  thickness  of  the  drift,  make  it, 
nevertheless,  as  yet  impossible  to  demonstrate  the  connection. 

Also  Norwood,  on  the  map  of  the  geological  survey,  in  the  atlas  to 
Owen's  report,  extends  the  line  of  the  crystalline  rocks  from  the  upper 
Mississippi  to  the  Minnesota  river.  Further,  he  unites  it  with  the 
area  of  granite  and  crystalline  schists  in  the  extreme  northern  part  of 
the  state,  which  apparently  correspond  in  age  and  compositicm  to  the 
Laurentian  system  of  Canada.  Prof.  Hall  says  that  the  rocks  in  the 
neighborhood  of  the  Redwood  river  have  a  gneissic  character,  and 
belong  to  the  laurentian  system.  The  metamorphosed  sandstones  and 
quartzyte  which  outcrop  in  the  region  and  are  extended  widely  over 
southwestern  Minnesota,  he  places  in  the  Huronian.  The  relations 
which  these  systems  sustain  to  each  other  are  at  present  not  yet 
ascertained. 

Yet  all  the  present  indications  are  that  a  wide  zone  of  Laurentian 
rocks  goes  diagonally  through  Minnesota,  and  is  accompanied  on  both 
sides  by  Huronian 'rocks.  Until  now,  the  latter  were  known  only  to 
the  north  of  lake  Superior.  Their  presence,  however,  in  southern 
Minnesota,  Prof.  Hall  has  called  attention  to,  where  he  has  also  assign- 
ed the  celebrated  ** Pipestone  Quarry**  to  the  same  age.  As  I  shall 
show  in  the  course  of  this  work,  the  roofing  slates  on  the  St.  Louis 
river  must  also  be  reckoned  in  the  Huronian  formation. 

The  interval  between  the  Mississippi  and  the  Red  river  of  the  North, 
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amounts  to  130  miles.  Over  this  whole  extent  no  outcropping  rock 
has  been  known  with  certainty.  It  is  nevertheless  probable  that  the 
regular  succession  of  Silurian  rocks  which  are  displayed  on  the  east  of 
the  granites  and  crystalline  schists,  returns  again  on  the  west.  Be- 
sides, Owen  mentions  a  spot  on  the  Red  river  in  the  neighborhood  of 
the  present  town  of  Breckenridge  where  the  Lower  Silurian  limestone 
is  exposed.*  As  far  as  my  knowledge  goes,  this  is  at  the  present  time 
the  only  spot  on  the  Red  river,  this  side  the  international  boundary, 
where  an  outcropping  rock  has  been  observed.  Waterworn  pieces  of 
Silurian  limestone  are,  however,  of  very  frequent  occurrence  in  the 
drift  of  the  Red  river  vallev.  Whittlesev  mentions  Potsdam  Sandstone 
at  the  falls  of  Pokegama  on  the  Mississippi  in  north  latitude  47**  15', 
northwest  of  the  Laurentian  belt.  This  observation  had,  indeed,  also 
been  made  by  Owen,  and  this  seems  to  be  the  reason  why  Norwood  ex- 
tends the  oldest  members  of  the  Silurian  on  his  chart  to  this  place, 

A  very  interesting  portion  of  Minnesota  to  the  geologist,  is  the  east- 
ern; viz. :  the  shores  of  lake  Superior  and  the  bluffs  of  the  St.  Louis 
and  St.  Croix  rivers.  The  St.  Croix  valley  which  forms  the  boundary 
line  of  Wisconsin,  lies,  for  the  most  part,  in  the  lowest  beds  of  the 
Silurian.  The  principal  fossils  of  the  Potsdam  Sandstone,  and  of  the 
lower  dolomite  are  found  in  this  valley.  The  greatest  thickness 
of  this  sandstone  above  the  water  reaches  170  feet ;  also  the  dolomite 
here  reaches  the  thickness  of  100  feet.  Tiie  beds  are  apparently  hori- 
zontal, but  in  general  they  have  a  gentle  dip  toward  the  south.^  Forty- 
five  miles  above  its  mouth  the  river  is  contracted,  and  suddenly  its 
banks  take  on  a  different  character.  In  place  of  the  regular  contour 
lines  of  the  sandstone,  are  rough  jagged  rocks  which  outcrop  close  by 
the  water.  Here  one  stands  on  the  rocks  of  the  celebrated  and  pictur- 
esque **  Dalles  '*  or  Felsenhallen  of  the  St.  Croix.  The  rock  has  beea 
named  by  American  geologists  **  porphyritic  trap,"  and-  it  resembles 
the  Norwegian  porphyry,  which  can  be  seen  at  Bogstadt  on  the  west 
side  of  the  Christiana  Fiord.  Several  beds  of  this  rock  are  cut  through 
by  the  river,  and  alternate  in  the  banks  with  the  layers  of  the  Pots- 
dam Sandstone.  As  yet,  I  have  had  the  opportunity  only  to  examine 
this  interesting  rock  over  a  small  area  in  the  neighborhood  of  the  town 
of  Taylor's  Falls,  near  the  falls  of  the  St.  Croix.  Here  it  is  exhibited 
as  a  beautiful,  quartzless  porphyry,  or  porphyryte,  and  constitutes  the 
shores  of  the  river  and  the  hill -ranges. 

I  reached  the  river  from  the  west  side.     After  I  had  traveled  for 
hours  from  St.  Paul  over  the  beautiful  prairie,  suddenly  the  deep  and 

*No  oN<*  elM  has  ever  *een  this  outcrop  of  limestone.— [N.  H.  W  ] 
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widely  cut  valley  presented  itself  right  before  me.  It  was  a  surpris' 
ing  sight.  With  the  greatest  regularity  of  hight,  lay  several  terraces 
above  each  other,  and  with  the  same  hight  they  were  visible  also  along 
the  opposite  bluflFs  on  the  Wisconsin  side.  Taylor's  Falls  is  built  on 
the  first  terrace,  at  the  foot  of  which  the  water  boils  over  the  rock 
crags  with  the  noise  of  thunder.  Right  opposite  lie  the  falling  ruins 
of  a  town  in  Wisconsin  named  St.  Croix  Falls,  which  owes  its  hasty 
bloom  and  its  short,  ephemeral  existence  to  the  speculation  of  several 
enterprising  Yankees.  Taylor's  Falls  is  what  is  called  in  the  west,  a 
lumbering -town  y  that  is,  a  place  Vhere  the  lumbermen  of  the  St.  Croix 
buy  provisions,  and  from  which,  every  winter,  the  men  depart  for  the 
pineries.  The  high  hills  which  enclose  the  place  consist  of  porphyr}'. 
Further  down  the  river  appears  the  Potsdam  sandstone. 

The  river  here  does  not  cut  through  a  single  ridge  of  the  crystalline 
rock,  but  several  diagonal  ridges  of  an  area  of  porphyry.      The  rock 
has  a  pretty  uniform  character  throughout  its  whole  extent.      The 
ground-mass  is  crypto-crystalline  and  has  a  dark-green  color.     Under 
the  loop  can  be  seen  a  dark,  non-translucent  mineral,  which  in  many 
places  is  formed  in  fibrous  particles  [stangligen  partien],  and  a  trans- 
lucent mineral  having  the  color  of  olivine.      The  feldspar  crystals, 
which  var>'  from  dark-brown  to  black,  give  the  rock  a  characteristic 
spotted  appearance.     The  feldspar  shows  very  evident  striation  and 
twinning,  and  seems  to  be  the  same  as  that  in  the  brown  porphyry  of 
lake  Superior.     I  have  found  iron-pyrites  only  as  an  accessory  portion. 
In  several  places  the  rock  holds  amygdules,  the  only  material  of  which 
seems  to  be  white  translucent  quartz. 

The  relation  of  the  por])hyr>'  to  the  sandstone  beds  is  interesting. 
Owen  assumes  that  the  latter  have  been  broken  through  and  cut  by 
the  trap,  although,  thereby  neither  their  texture  nor  their  horizontal 
position  have  been  changed.  I  cannot  confirm  that  view,  but  believe 
the  relations  of  these  rocks  at  Taylor's  Falls  must  require  that  the 
porphyry  is  older  than  the  sedimentary  beds.* 

Indeed,  the  layers  of  the  sandstone,  whollj'^  undisturbed,  as  can  be 
seen  on  both  shores,  demonstrate  that.  Furthermore,  I  observed  on 
the  right  bank  of  the  river,  the  rock -profile,  seen  in  Fig.  1. 

The  sandstone  beds  here  lie  horizontal  over  the  porphyry,  and  con- 
tinue in  this  manner  over  an  extended  area.  They  contain  a  number 
of  fossils  which  are  very  beautifully  preserved,  and  prove,  even  as 
much  as  the  texture  of  the  sandrock,  the  insignificant  influence  of  any 
later  outbreak  of  plutonic  rock.     A  better  proof  of  the  greater  age  of 

*Mr  KloM  i«  supported  In  thU  by  Mr.  Sweet,  of  the  {^ologlcsil  nnrrey  of  Wisconiln.    [N.  H  W.] 
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the  porph\n    la"  aft  rdcd  i  c  b^   a  c     glomerate  wh  ch  consists  of 
nothing  I  it  large  \-\t  a    es    1  tl  e  i  o  j hyrj    the  position  of 


F»l]"'l«ljolll,'"ATp.irMiyry.      '        '"■      '  '  '  c      if      i 

which  is  hetweeu  the  porphyry  iind  the  sandstone.  This  sin^Ur  roct^ 
which  I  saw  only  in  one  spot,  but  iu  a  considerable  thickness,  descends 
From  the  por[)hyry  down  to  tlie  neighborliood  of  the  sandstone.  The 
water-worn  masses,  which  occasionally  reach  a  considerable  size,  lie 
immediately  in  contact  with  each  other,  and  have  btit  a  slight  cement- 
ing material  between  them.  Still  the  rock  is  very  hard,  and  plainly 
bedded.  The  rounded  masses  and  the  cementing  material  consist  alto- 
gether of  more  or  less  decomposed  porphyry.  Unfortunately  the  spot 
where  the  conglomerate  lies  under  the  sandstone,  is  covered  with  vege- 
tation.    (See  Fig.  2.)'" 

The  character  of  the  dift'erent  beds  which  compose  the  sandstone  at 
Taylor's  Falls  changes  greatly  in  short  intervals.  The  layers  on  the 
Minnesota  side  form  a  more  continuous,  projecting  terrace  than  on  the 
Wisconsin  side,  where,  between  the  porphyry  ranges,  are  several  shal- 
low or  flat  troughs.  Ooing  along  the  shore,  I  passed  over  several  small 
hills,  outrnnncrs  of  the  main  hilt  range  which  forms  a  belt  parallel 
with  the  river.  Hetweon  these  small  lulls  lie  the  layers  of  sandstone, 
which  descend  on  both  sides  level  to  the  middle  of  the  trough.  If  one 
ascends  the  main  hill-riinge,  nothing,  can  be  seen  of  the  sandstone. 
How  far  the  porphyry  extends  on  each  side  from  the  river  is  unknown. 
In  Minnesota,  it  disapiiears  soon  under  the  drift. 

•  WliUll«i«y  incnijiiiir<Mirnl«paliiu  the  mlshburtiu-Hlor  lukeSDperlor  wlH-reibB  Lad*  of  tht  Pot^ 
<liB)  wii'lttcine  lie  iipnn  ibe  |>  rphfrr.  botb  in  the  Doatlwrn  iliiira,  at  Keweiiaw  Point,  la  Wlie— -"- 
Mod  Rioiiit  tb*  norUiern  nm-l.  Bat  yet  Iben  e;i>  bt  no  iliiNbl  tbil  there  !■  ■  parpbrrr  amd  nut 
ri,  Ibe  egtf  uT  the  Huudam  Hndotonr.  the  Uy«n  ol  which  It  brake  throajifa  ■■■<!  aptnrncd.  It 
Ihst  thPuDlflow  of  thli  qBerlzloa  pcirphyrir  G^inln  llDrunliin  time,  ■nd'^coBtliBed  ^ruagb  tl 
pari  oClJte  Silniiia.  riwlDclnilon  of  th«  HRdMuBe  within  the  norplvrT.  mentliMMd  b*  Own.  I 
iiol  been  eble  tu  flnil  »l  Tay  Icir^  KaIIk.  Ihongb  I  hmve  rnxde  dllllfedi  teuoh. 


BTATB  GEOLOOiaT. 


189 


■-,  X*  I 


In  one  of  tliese  troughs  the  rock  consists 
of  thin  layers  of  doloniitic  marl.  It  has  a 
clear-gray  color,  a  «mooth,conchoi<lal  frac- 
ture like  limestone,  and  crumbles  in  the  air, 
and  at  the  same  time  it  aaxumes  a  dazzling 
white  color  At  the  first  glance  one  is  apt 
to  take  it  for  a  limestone;  yet  as  it  does  not 
effervesce  at  all  with  iicidn,  it  must  be  prin- 
cijmlly  dolomitic.  Further  up  the  river  lie 
dark,  iron-stained,  firm  crj'stalline  layers  of 
a  sandy  limestone;  also  the  same  in  thin 
layers.  At  the  same  level  on  the  Minnesota 
side  is  n  clayey  sandstone  which  does  not 
effervesce  with  acids.  It  varies  from  fine 
to  coarse  grained.  The  latter  prevails  in 
the  lower  iwrtion  of  the  confused  mass,  and 
forms  a  high  bank  which  rests  immediately 
on  the  porphyry. 

All  these  rocks  carry  the  known  species 
of  Lingiila.  Those  with  the  narrow  ex- 
tended beak  (L.  nntv/Ka),  and  those  which 
are  shorter  and  wirier  {L.  priura)  are  very 
abundant,  and  completely  fill  some  of  the 
layers.  S|:«cimens  of  the  former  frequently 
reach  five-eighths  inch  in  length.  Besides 
Linqula  there  are  also  species  of  Orbicula 
and  Obolus,  and  trilobite  shields  as  large  as 
peas  (ConftrephalHen  iniiiufus?).  The  shells 
seem  to  l>e  distributed  in  certain  belts  in 
the  layers;  especially  is  this  the  case  in  the 
coarse,  couglonieritic  sandstone." 

The  varied  composition  of  the  beds  in 
their  general  relations  is  remarkable.  It  is 
true  a  simple  layering  one  over  the  other  can 
be  seen ;  on  the  other  hand  they  all  seem  to 
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occupy  the  same  level ;  both  sandstone  and  dolomitic  shale  outcrop 
opposite  each  other  in  the  banks  of  the  river  at  the  same  hight,  and 
they  vary  but  little  from  the  horizontal. 

In  order  to  obtain  an  examination  of  the  relations  of  the 
sedimentary  beds  to  the  porphyry  and  melaphyr-like  rocks  of  the 
north  shore  of  Lake  Superior,  I  made  a  trip  the  past  fall  to  the  west 
end  of  that  lake.  The  railroad  which  connects  St.  Paul  with  this 
great  American  lake  was  completed  the  first  of  August  of  the  former 
year.  An  iron  track  of  155  miles  now  connects  the  end  of  navigatiou 
from  the  Atlantic  Ocean  with  the  head  of  navigation  of  the  Missis- 
sippi Till  within  a  short,  time  it  was  very  difficult  to  travel  from 
there  to  the  head  of  Lake  Superior — now  one  rides  there  in  a  few 
hours.  The  commencement  of  the  autumn  storms  made  it  impossible 
to  carry  out  my  plan,  and  1  was  compelled  to  confine  my  observations 
to  the  St.  Louis  river  and  the  immediate  neighborhood  of  the  railroad. 

Except  a  few  cuts  in  the  Trenton  limestone  in  the  suburbs  of  St. 
Paul,  the  tract  of  country  crossed  by  the  Lake  Superior  road  affords 
no  outcrops  of  rock  till  one  reaches  the  valley  of  the  St.  Louis  river. 
A  vast  forest,  for  the  greater  part  consisting  of  pine,  covers  over  the 
whole  region.  The  land  is  generally  flat  and  swampy.  The  railroad 
surveys  have  established  the  highest  point  at  567  feet  above  Lake  Su- 
perior, or  1,167  feet  above  the  ocean.  Thi3  point  is  120  miles.from  St. 
Paul  and  35  miles  from  the  lake.  On  all  sides  the  plateau  is  flat,  de- 
scending gently  in  both  directions. 

The  first  outcropping  rock  appears  in  low  ridges  in  the  midst  of  a 
cedar  swamp  near  the  St.  Louis  river,  and  at  this  place  occurs  the  first 
opportunity  since  leaving  the  Mississippi,  to  behold  the  bedded  rocks.* 
From  here  to  the  lake  there  is  much  rock,  which  offers  an  extended 
and  little  explored  field  for  geological  studies.  During  my  short  visit 
I  could  only  make  obeervations  at  a  few  points.  The  region  is  for  the 
most  part  difficult  to  travel  over.  Extensive  forests  and  swamps  con- 
ceal the  rock  from  view.  There  are  no  roads— even  between  the  dif- 
ferent stations  and  new  places  on  the  railroad  it  is  necessary  to  travel 
on  the  railroad  itself.  When  the  rivers  and  streams  are  no  longer 
passable  for  canoes,  it  is  necessary  to  scramble  from  rock  to  rock  in 
order  to  be  able  to  look  at  the  neighboring  country.  A  slippery  red 
clay  forms  the  surface  covering,  wherever  the  black  soil  is  torn  up. 
Wherever  the  trees  have  been  cut  and  the  brush  burnt,  wherever  roadg 
have  begun  to  be  laid  out,  it  is  entirely  impossible  to  travel  after  the 


*The  beddei  rocko.  however,  also  Nppeur  fn  outcrop  at  Wliite  Bear  Lake,  at  Uiacktejr  and  at  Mooie 
Lane.     [.V.  H.W] 
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occurrence  of  a  few  showers  of  rain.  The  whole  region  bears,  more 
than  any  other  in  Minnesota,  the  stamp  of  wildness  and  primitiveness^ 
It  has  been  asked,  what  can  be  made  of  it.  It  will  require  immense 
resources  and  great  labor  to  make  it  habitable  and  productive. 

The  St.  Louis  river  comes  from  the  north,  from  a  region  of  granite 
gneiss  and  mica  schist  about  Vermilion  lake,  and  turns,  just  before  its 

4 

waters  reach  Lake  Superior,  with  a  sharp  angle  to  the  east.  Here  the 
railroad  company  has  constructed  a  high  bridge  over  the  river,  and  a 
new  town  is  established  which  has  been  named  Thompson,  from  one 
of  the  officers  of  the  company.  The  water  has  broken  through  the 
steepey  tilted  beds,  and  here  forms  a  long  succession  of  falls  and  rapids, 
which  in  a  few  miles  produce  a  descent  of  370  feet,  and  are  known  as 
the  Rapids  of  the  St.  Lou  in  River.  The  valle}'  is  narrow  and  shut  in 
by  high  picturesque  cliifs.  A  dark  fir-tree  forest  covers  the  hills  about 
— indeed  no  region  of  America  has  reminded  me  so  forcibly  of  the  val- 
leys of  the  Hartz  mountains,  and  especially  of  the  Bode' and  a  part  of 
the  Okerthales. 

The  rocks  also  are  similar  to  th«^  rocks  of  the  Hartz.  The  various 
strata  consist  alternately  of  dark-blue  crystalline  layers,  frequently  in 
the  form  of  roofing  slates,  and  a  light  firm  sandrock  or  quartzyte 
which  looks  like  many  German  graywacke  sandstones.* 

There  has  been  formed  a  company-  for  the  manufacture  of  the- roof- 
ing slates.  Two  quarries  have  been  opened  which  promise  good  re- 
sults. The  slate  is  carried  to  St.  Paul  by  the  railroad;  and  this  may 
become  in  the  future  a  profitable  industry.  Norwood  also  mentions 
other  slates  on  the  St.  Louis  which  are  of  a  talcose  and  chloritic  na- 
ture. Since  they  are  found  further  u[)  the  river,  they  are  in  age 
earlier  than  the  roofing  slates.  He  has  also  noted  a  steep  dip  in  the 
layers  in  opposite  directions,  which  he  ascribed  to  the  injection  of 
igneous  rocks.  But  these  he  did  not  find.  I  also  found  no  crystalline 
rocks,  and  I  am  not  of  the  opinion  that  at  the  falls  of  the  St.  Louis 
river  any  local  cause  appears  that  produced  the  disturbance  of  the  lay- 
ers. So  far  as  known  to  me  the  bedded  rocks  of  northern  Minnesota 
which  are  older  than  the  Silurian,  have  been  upheaved  in  the  same 
manner.  The  beds  are  broken  in  a  jagged  form,  and  stand  out  boldly 
in  little  rock-islands  in  the  very  channel  of  the  river,  by  which  the 
quartzyte  and  slaty  layers  are  always  easy  to  distinguish,  because  the 
former  constitute  the  elevated  parts  and  the  latter  the  troughs  of  the 
outcropping  layera,  as  they  are  eroded  and  excavated  by  the  water. 
No  fossils  have  yet  been  found  in  these  beds.    The  inclusions  consist 

*Thte  qnartzyte  teems  to  htTe  been  taken  for  greenstone  both  hj  Norwood  and  Eamei. 
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of  little  sulphur  nodules.  The  principal  quartzyte  beds  are  penetrated 
by  veins  which  are  composed  of  quartz  and  calc-spar.  Lines  of  feld" 
spar  are  also  of  frequent  occurrence  in  the  slates. 

Probably  this  whole  formation  belongs  to  the  Huronian  system 
which  on  Lake  Huron  and  in  the  upper  Peninsula  of  Michigan,  ap- 
pears between  the  Laurentian  system  and  the  lower  Silurian.  The 
position  here  exactly  corresponds  to  that  horizon.  Credner  in  his  work* 
on  the  pre-Silurian  formations  of  the  Upper  Peninsula  of  Michigan,  re- 
gards as  a  member  of  the  Huronian  a  series  of  clay -slates  and  quartz- 
yte beds  of  which  the  description  applies  equally  well  to  these  rockd. 
Chloritic  slates  constitute  there  as  here  a  portion  of  the  formation. 
The  Potsdam  Sandstone  lies  upon  the  outcropping  beds  in  Michigan  in 
the  same  manner  as  it  can  be  seen  to  do  on  these  beds  further  down 
the  river  at  Fond  du  Lac.  I  have  not  examined  this  point  myself,  but 
quote  Norwood*s  report,  as  to  the  facts,  as  follows:  "Not  far  from 
the  village  of  Fond  du  Lac  the  clay  slates  and  chloritic  slates  are  lost 
under  the  conglomerates  and  red  sandstones  of  Lake  Superior,  the 
lower  part  of  the  Potsdam  system.  The  latter  lie  upon  the  outcrop- 
ping edges  of  the  slates,  with  an  inclination  of  six  or  seven  deg^rees, 
but  dip  in  the  same  direction.*'  The  place  where  the  two  systems  He 
unconformable  to  each  other  does  not  exceed  three  miles  from  the  rail- 
road bridge  at  Thompson,  according  to  the  statements  of  Norv^ood. 
From  the  position  of  the  clay  slates,  one  can  infer  the  presence  of  the 
iron -bearing  beds  which  in  Michigan  characterize  the  lower  part  of 
the  Huronian.  Perhaps  these  are  the  iron  beds  at  Vermilion  lake,  in 
the  neighborhood  of  which  the  metamorphic  layers  of  the  Laurentian 
begin. 

Only  at  one  place  is  the  red  sandstone  to  be  seen  near  the  railroad 
in  the  neighborhood  of  Lake  Superior.  This  can  not  be  far  from  the 
spot  where  this  rock,  in  connection  with  the  coarse  conglomerate,  lies 
unconformably  upon  the  Huronian.  The  beds  here  lie  nearly  horizon- 
tal, with  a  slight  inclination  toward  the  south.  The  upper  cuts  of  the 
railroad  are  in  red  clay  before  mentioned  which,  with  varying  beds  of 
shale,  sand  and  gravel,  covers  the  older  formations  north  and  south 
from  the  great  lake.  It  embraces  a  great  extent  of  territory,  reaches 
the  height  of  600  or  700  feet  above  the  water  level,  and  fills  the  valleys 
intervening  between  the  ridges  of  the  clay  slates  and  quartzytes. 

At  the  end  of  the  railroad,  where  at  the  present  time  the  streets  of 
the  new  city  of  Duluth  are  being  laid  out  on  a  steep  hillside  with  an 
outlay  of  unprecedented  expense,  are  large  exposures  of  different  kinds 

•ThU  Journal,  lUS,  p.  628. 
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of  crystalline  rocks.  These  form  the  shores  ou  the  left  of  St.  Louis 
Bay  and  of  the  Bay  of  Superior.  The  former  consists  of  a  widening 
of  the  mouth  of  the  river,  the  latter  of  a  part  of  the  lake  shut  in  by  a 
narrow  strip  of  land,  forming  a  fine  harbor.  The  conformation  of  the 
west  end  of  Lake  Superior  is  in  the  highest  degree  remarkable.  Two 
small  tongues  of  land  project  parallel  with  each  from  the  shore,  and 
are  met  by  narrow  points  extended  in  the  same  way  from  the  Wiscon- 
sin shore.  Narrow  channels  or  passes  only  are  left  so  as  to  admit  to 
the  waters  enclosed  between  them.  The  outermost  of  these  strips  of 
land,  Minnesota  Point,  is  six  miles  long,  and  has  a  mean  width  of  only 
600  feet.  It  consists  of  beach-worn  material,  or  shingle,  and  it  rises 
but  few  feet  above  the  level  of  the  water.  These  pieces  have  an  ob- 
long, generally  flattened  form,  and  consist  for  the  most  part,  of  mel- 
aphyr,  porphyry-,  and  amygdaloid  with  calc-spar  geodes,  both  large  and 
small. 

Connor's  Point  in  Wisconsin  and  Rice's  Point  in  Minnesota  separ- 
ate the  Bay  of  St.  Louis  from  Superior  Bay.  Between  them  is  a  chan- 
nel afl^ording  fifty  feet  depth  of  water,  through  which  the  waters  of 
the  St  Louis  reach  the  lake.  Superior  Bay  has  its  greatest  depth  near 
Minnesota  Point.  Along  the  opposite  shore  in  Wisconsin  it  was  nec- 
essarj'  to  build  out  more  than  a  hundred  feet  into  the  bay  to  find  nine 
feet  of  water,  while  on  the  Minnesota  side  the  water  had  a  depth  of 
15  to  18  feet.  A  street  from  Diiluth  extends  now  along  Minnesota 
Point,  and  the  railroad  company  have  begun  to  cut  through  it  in  the 
neighborhood  of  the  place  where  it  is  joined  to  the  mainland,  for  the 
purpose  of  making  a  fine  harbor,  sheltered  by  this  natural  breakwater; 
The  natural  approach,  six  miles  further  south,  is  exposed  to  much 
drifting  sand,  and  has  also  been  worked  by  the  people  of  Wiscon- 
sin in  order  to  improve  it  for  an  entrance. 

In  the  vicinity  of  Duluth  I  have  observed  three  different  kinds  of 
rock,  but  nowhere  could  I  make  out  the  connection  which  thev  have 
to  each  other.  The  first,  which  rises  from  under  the  red  drift  clay 
and  is  finely  exposed  in  the  vicinity  of  the  railroad  depot,  the  Ameri- 
cans style  * 'granite,**  to  which,  however,  it  has  no  resemblance.  It 
consists  principally  of  a  feldspar  of  a  dirty  white  color,  which  is  in 
the  form  of  fine  large  crystalline  grains,  which  show  three  cleavage 
directions.  Two  of  these  stand  almost  at  right  angles  to  one  another, 
one  of  which  has  a  marked  greasy  luster,  and  the  other  a  strong  glassy 
luster  with  fine  twinning-lines.  The  third  cleavage  direction  is  only 
made  apparent  by  fractures  which  cut  both  of  the  others  at  acute 
angles,  and  seems  to  appear  very  rarely.  I  took  the  feldspar  for  labra- 
*  13 
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dorite.  The  second  ingredient  is  a  dark  green  to  black  mineral,  of  » 
greasy  appearance,  which  it  is  difficult  to  distinguish,  because  the  color 
is  like  that  of  the  predominant  feldspar.  It  is  indistinctly  fibrous,  and 
I  took  it  for  diallage  or  hypersthene.  A  black,  shining  mineral,  in  ir- 
regularly shaped  grains,  which  have  a  strong  metallic  luster,  is  sprin- 
kled abundantly  in  this  rock,  and  stands  out  beyond  all  the  others  on 
the  surface  of  the  weathered  crust.  On  a  fresh  fracture  of  the  rock  it 
is  hard  and  brittle.  Yet  under  the  action  of  the  atmosphere  it  be- 
comes softer,  and  then  if  it  is  scratched  with  a  knife,  small  black  par- 
ticles of  it  remain  attached  to  the  blade.  Before  the  blow  pipe  it  be- 
haves like  pure  magnetic  iron.  It  disintegrates  only  after  a  long  time^ 
and  very  seldom  is  it  seen  to  become  oxidized  on  the  outside  and 
changed  to  a  brown  ochre.     No  trace  of  titanium  was  discovered. 

For  the  most  part  this  rock  has  a  resemblance  to  gabbro,  or  hypers- 
thenyte,  although  it  shows  in  its  whole  extent  a  tolerably  uniform 
structure,  and  generally  a  coarsely  granular  texture.  In  this  rock  a 
quarry  has  been  opened,  and  the  stone  is  being  worked  and  polished 
for  monumental  purposes. 

The  second  rock  is  cryptocrystalline  to  compact.  In  the  black 
groundmass  lie  brightly  glittering  needles  of  feldspar  with  evident 
twinning  striation.  It  is  exactly  like  the  rock  from  small  veins  in  the 
syenite  at  Sauk  Rapids  on  the  Mississippi,  and  is  to  be  considered, 
probably,  with  the  greatest  degree  of  exactness,  until  a  more  close  ex- 
amination can  be  made,  as  a  black  porphyry  or  melaphyr. 

Next  to  this  a  beautiful  porphyry  forms  the  first  rock  at  the  shore  of 
the  lake.  This  rock  is  diflFerent  from  the  porphyry  of  the  St.  Croix 
river,  and  in  the  main  resembles  the  porphyry  from  Ilfeld  in  the  Hartz. 
In  fresh  condition  the  groundmass  is  an  exceedingly  fine-grained  mix- 
ture of  a  clear  and  a  dark-brown  mineral.  The  feldspar  crystals  ap- 
pear only  by  reason  of  their  luster,  upon  the  commencement  of  disin- 
tegration of  the  rock,  because  of  their  presenting  a  somewhat  brighter 
color.  Magnetite  is  sparsely  disseminated,  and  still  more  sparsely  a 
little  pistazite.  But  the  latter  mineral  is  very  abundant  in  the  seams, 
and  veins  of  calc-spar  with  which  the  rock  is  very  much  intersected. 
In  the  same  manner  also  laumontite  occurs,  and  in  fact  as  a  pseudo' 
morph  after  calc-spar.  In  company  with  this  brown  porphyry  is  found 
an  amygdaloid  with  a  somewhat  decayed  groundmass.  The  cavities, 
which  are  somewhat  elongated,  are  filled  with  quartz,  calc-spar,  chlO' 
rite  and  a  decayed  iron-bearing  minrral.  The  crystals  of  feldspar  in 
the  porphyry  are  also  in  process  of  decay.  A  regular  variation  or  in* 
terchange  between  these  two  rocks  is  nowhere  to  be  seen.     9n.  the 
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other  hand  the  undecayed  massive  porphyry  goes  over  to  the  amygda- 
loid Apparently  the  decaying  of  the  groundmass  and  the  crystals  has 
gone  on  step  by  step  with  the  filling  of  the  amygdaloidal  cavities. 
As  already  remarked,  I  have  observed  the  above  described  rocks  no- 
where in  contact.  The  works  in  the  city  of  Duluth  will,  however, 
soon  furnish  fine  exposures.  The  beds  of  the  Lower  Silurian  which 
appear  further  down  on  the  Lake  Superior  shore,  and  upon  the  river, 
are  not  found  at  Duluth  nor  in  the  immediate  vicinity.  Similar  red- 
dish-brown porphyries  appear  to  be  very  widely  distributed  on  the 
north  shore  of  Lake  Superior.  The  lateness  of  the  season  prevented 
an  excursion  in  a  sail  boat  for  observation  along  the  coast.  The  above 
described  crystalline  rocks  are  grouped  together  b}'  all  American  geo- 
logists under  the  name  **trap.*'  Whittlesey  mentions  an  augitic, 
quartziferous  and  amygdaloidal  trap.  In  other  places  he  speaks  of  a 
brown,  decayed  trap,  and  of  a  firm  trap,  both  cut  through  by  dykes  of 
basalt,  without  giving  any  further  definition  of  these  different  rocks. 

The  Potsdam  sandstone  forms  the  north  shore  of  Lake  Superior,  as 
well  as  the  south  shore.  The  dip  of  the  beds  forms  an  anticlinal,  and 
the  lake  consists  of  a  basin  of  fresh  water  in  the  layers  of  the  Lower 
Silurian.  The  breaking  out  of  porphyries  and  melaphyrs,  sometimes 
in  the  form  of  dykes  and  at  other  times  alternating  in  layers  with  the 
sandstone,  makes  the  geological  relations  very  complicated.  Along 
the  north  shore  runs  a  range  of  hills  which  consist  of  metamorphic 
and  plutonic  rocks  belonging  to  the  Huronian  formation.  Five  or  six 
miles  inland  it  attains  its  greatest  hight  of  600  to  1,000  feet  above  the 
level  of  the  lake.  Then  this  terrane  is  wanting,  for  the  most  part, 
along  the  coast,  and  the  Silurian  beds  overlie  the  Huronian. 

A  number  of  streams  have  their  sources  in  this  hill-range,  and  often 
winding  through  the  bedded  and  massive  rocks,  with  rapid  descent 
bear  their  waters  to  the  lake.  They  give  rise  to  many  outcrops  and 
lay  bare  the  bedding  and  such  like  conditions  of  the  melaphyr-masses. 
Several  have  attained  a  positive  reputation  for  their  promise  of  profit- 
able mining  of  copper,  and  are  valued  highly  for  the  future  mining  of 
this  metal.  This  is  especially  the  case  at  the  French  and  Knife  river 
districts. 

Whittlesey  says  that  the  trappean  rocks  which  bear  metallic  copper, 
are  of  the  age  of  the  Potsdam  sandstone,  and  that  those  that  contain 
the  sulphuret  ores  belong  to  the  Huronian  formation.*  Also  that  the 
cupriferous  beds  become  barren  when  they  change  from  trap  to  sand- 
stone.     I  am  still  too  little  acquainted  with  the  appearance  of  copper 


♦Whittlesey's  report  of  1966,  p.  6. 
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on  the  north  shore  of  Lake  Superior,  to  presume  to  have  an  opinion 
respecting  those  beds  that  may  be  valuable  for  mining,  but  I  do  not 
believe  that  the  first  of  these  statements  has  any  general  validity.  I 
had  opportunity  to  examine  somewhat  closely  some  fragments  from  a 
vein  in  a  rock  designated  **  trap,"  from  the  north  shore.  It  was  ob- 
tained from  a  bay  betwe3n  Encampment  Island  and  Kinewabic  river, 
and  hence  from  the  area  occupied  by  the  rocks  of  the  Potsdam.  This 
place  is  30  miles  from  Duluth,  and  in  the  vicinity  of  Knife  river.  The 
rock  has  a  resemblance  to  a  bright,  clay-slate,  with  many  strings  of 
calc-spar  cutting  it  in  all  directions.  The  calc-spar  is  crystallized  in 
veins.  Its  weight  certainly  indicated  that  it  contained  copper  or  iron. 
U])on  a  careful  examination  can  be  seen  also  a  sulphide,  and  black 
specks  of  a  substance  having  a  metallic  luster  on  the  outside,  finely 
scattered  through  the  mass.  The  latter  shows  before  the  blowpipe, 
the  reactions  of  a  mixture  of  chalcopyrite  and  pyrite.  It  contained  no 
native  copper,  and  I  could  not  discover  in  the  wet  way  any  trace  of 
silver. 

The  above  mentioned  rock  is  said  to  have  a  thickness  of  forty  feet, 
and  rises  perpendicular  from  the  shore,  and  can  be  followed  inland  a 
short  distance.  Only  the  smallest  portion  of  this  mass  embraces  those 
sulphides  and  metallic  compounds.  Similar  exposures,  showing  a  little 
metallic  content,  a  layering  and  a  network  of  a  small  mineral  vein, 
are  a  frequent  occurrence  in  these  massive  rocks,  and  point  with 
certainty  to  a  very  general  difi'usion  of  copper.  Yet  it  has  not  been 
found  in  sufiicient  quantity  to  support  mining  with  profit.  The  best 
prospects  are  located  at  French  river,  in  melaphyrs  interbedded  with 
sandstone. 

Immediately  after  the  conclusion  of  a  treaty  with  the  Indians  in  the 
year  1854,  by  the  terms  of  which  the  north  shore  of  Lake  Superior  was 
opened  to  the  whites,  agents  of  eastern  capitalists  explored  the  region 
for  mineral  deposits.  Upon  superficial  observations  of  men  who  had 
but  slight  acquaintance  either  with  geology  or  mining,  large  tracts 
here  were  set  forth  as  mineral  lands,  and  as  such  were  disposed  of  by 
the  government  to  companies  and  private  individuals.  In  1858  the 
land  was  surveyed,  and  many  **  claims,*'  which  had  been  made  before 
were  relinquished.  A  few  years  ago  a  company  was  formed  in  BufiSlo 
which  began  to  explore  the  regions  of  French  and  Knife  rivers  more 
carefully.  A  shaft  was  sunk  to  the  depth  of  48  feet,  and  a  quantity  of 
copper  ore  was  found  in  the  deeper  lying  beds.  Nevertheless,  these 
works  are  now  suspended. 

At  diflFerent  places  on  the  St,  Croix  river  and  its  tributaries,  copper 
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has  been  found.  Especially  is  Taylor's  Falls  and  that  vicinity,  as  well 
as  Kettle  river,  forty  miles  further  north  in  Minnesota,  regarded  as  a 
region  which  some  time  will  be  celebrated  as  a  copper. producing  dis 
trict.  What  has  been  found  thus  far  consists,  in  the  first  place,  of 
large  massive  pieces  in  the  river-bed,  and  in  the  water- worn  material 
of  the  drift  which  covers  the  river  banks,  and  secondly  of  veins  and 
layers  in  the  porphyry,  which  produce  both  metallic  copi)er  and  copper- 
glance  and  copper-oxide,  from  a  heavy  but  decayed  gangue. 

Massive,  irregularly-shaped,  but  rounded  pieces  of  native  copper 
have  been  found  in  several  places  in  the  valleys  of  streams  coming 
from  the  north.  I  saw  at  Taylor's  Falls  a  heavy  specimen  weighing 
fifteen  pounds,  which  was  found  in  the  digging  of  a  well  several  feet 
below  the  surface,  in  the  drift.  These  copper  masses  in  every  instance 
have  been  exposed  for  a  considerable  time  to  the  action  of  water,  and 
I  do  not  believe  that  their  place  of  origin  should  be  considered  as  be- 
ing in  that  vicinity.  In  this  opinion  I  was  afterward  strengthened, 
since  I  found  in  the  drift  and  gravel  which  lie  on  the  St.  Peter  sand- 
stone, as  large  and  equally  rounded  a  piece  of  metallic  c()pi>er  in  the 
eastern  part  of  the  city  of  St.  Paul.  It  is  most  probable  that  along 
with  the  drift,  metallic  copper  is  brought  hither  from  the  southern 
shores  of  Lake  Superior.  * 

What  I  have  seen  of  the  copper-bearing  rocks  of  Taylor's  Falls, 
shows  the  presence  of  this  metal  in  small  quantities  near  the  surface, 
affording,  therefore,  some  expectation  of  profit  on  deep  mining.  I  was 
conducted  to  two  old  shafts  and  several  pits  which  some  time  before 
had  been  sunk  on  the  summit  of  a  range  of  porphyry.  The  shafts 
were  filled  with  water  to  the  top.  The  material  lying  about  contained 
no  native  copper.  It  was  a  porphyry  in  process  of  decay,  with  veins 
of  quartz  and  feldspar.  A  six-inch  vein  of  feldspathic,  decayed  rock 
had  given  rise  to  the  exploration.  The  feldspar  vein  can  be  followed 
for  a  distance  of  several  hundred  feet,  and,  according  to  the  statement 
of  my  companion,  under  whose  instigation  the  work  had  been  under- 
taken, had  a  thickness  of  two  and  one-half  feet  at  the  depth  of  twenty. 
The  samples  brought  from  this  depth  consist  of  a  much  changed  fel- 
despathic  snd  calcareous  rock.  Copper  strikes  through  the  mass  in 
slender  leaves  and  threads.  Fine  black  threads,  of  a  black  met  Uic 
luster,  w^ere  found  to  be  copper-sulphide,  before  the  blowpipe,  and  did 
not  exhibit,  in  the  wet  way,  any  content  of  silver,  so  far  as  I  could 
judge.      A  second  place,  which  had  been  pointed  out  by  the  residents 

*!!•»>••  of  meUUic  copper  are  found  occasionally  in  the  northern  drift  in  Michigan,  Wisconain  and 
Ohio. 
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as  an  outcrop  of  a  copper  vein,  is  at  the  mouth  of  a  creek  which  passes 
down  the  steep  bluffs  through  the  midst  of  the  town.  It  was  a  sort  of 
con  tact- vein  between  the  porphyry  and  the  sandstone.  What  I  could 
see  of  the  gang-mass  in  the  neighborhood  of  the  very  imperfect  ex- 
posure, consisted  of  an  earthy,  much  changed  amygdaloid.  It  was  as- 
serted to  me  that  copper  is  to  be  found,  although  I  saw  in  the  amygda- 
loid itself  not  a  trace;  and  I  expect  that  it  is  one  of  the  erratic  pieces 
from  the  drift,  which  is  disseminated  in  the  bed  of  the  creek  between 
the  larger  blocks  of  porphyry. 

Similar  feldspar  veins  as  those  above  mentioned  are  a  very  frequent 
appearance  in  the  porphyry.  They  always  have  at  the  surface  only  a 
few  inches  thickness. 

More  promising  appears  the  copper  outcrop  on  Kettle  river.  In  1865 
it  was  pronounced  a  true  vein  with  a  width  of  22  feet  by  Prof.  James 
Hall.  I  obtained  several  pieces  of  the  gang.  They  consist,  first,  of  a 
brownish  dense  melaphyr-amygdaloid  without  apparent  crystals.  The 
cavities  are  filled,  with  quartz,  calcite,  epidote  and  copper.  It  is  cut 
through  by  numberless  fine  slits  which  are  filled  with  the  same  miner- 
als. The  copper  is  in  threads,  thin  sheets,  and  also  in  net-work  and 
knot-like  forms,  and  is  always  accompanied  by  quartz,  calcite  and  epi- 
dote. The  color  of  the  groimdmass  changes  from  brown  to  green,  and 
several  specimens  approach  the  color  of  green,  although  more  dis- 
tinctly colored  through.  This  is  a  bluish -green  rock,  with  heavy 
groundmass,  though  without  evident  crystals  still  carrying  the  same 
cavities  and  amygdaloidal  minerals. 

A  third  rock  is  much  changed,  mainly  feldspathic,  but  interspersed 
with  a  dark  mineral.  Its  prevailing  color  is  derived  from  copper-salts. 
The  copper  is  metallic,  and  is  desseminated  in  extremely  fine  threads 
through  the  whole  mass.  In  this  rock  appear  outcropping  veins  of 
copper-glance  and  earthy  malachite.  At  least  there  are,  among  the 
material  derived  from  this  locality,  two  handsamples  which  show  both 
these  ores  in  the  same  groundmass. 

The  copper-bearing  samples  of  rock  from  Kettle  river,  collectively, 
have  the  aspect  and  the  characters  of  vein  rocks. 

How  far  the  above  described  appearances  may  warrant  the  hope  of 
profitable  mining  of  copper,  must  be  left  undetermined  till  more  exact 
investigations  shall  have  established  the  extent,  the  range  and  the 
content  of  copper.  The  lands  of  Kettle  river  have  been  taken  posses- 
sion of  by  speculators,  in  the  same  manner  as  those  of  the  north  shore 
of  Lake  Superior  some  time  before.  Here  and  there  examinations 
have  been  made  in  order  to  learn  something  of  the  particulars  of  the 
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region,  yet  always  in  a  hasty  way  and  generally  by  people  without 
sufficient  geological  knowledge. 

From  Vermilion  lake  I  have  become  acquainted  with  gneisses  and 
firmly  crystalline  clay  slates  with  much  interspersed  pyrites,  which  ap- 
parently belong  to  the  Laurentian  system.  A  number  of  quartz  veins 
<5ut  through  these  metamorphic  schists,  which  contain  a  little  portion 
of  copper  pyrite.  The  pyrite  has  been  shown  to  be  gold-bearing.  A 
short  time  ago  arose  a  real  excitement,  of  the  American  type,  over  Ver- 
milion lake,  because  it  was  believed  that  here  had  been  found  a  new 
gold  field.  There  were  formed  in  Chicago,  New  York,  and  other 
cities,  several  companies;  and  caravans  with  furnaces,  stamp-works, 
and  amalgamating  mills,  pressed  forward  into  the  wilderness.  Large 
sums  of  money  were  soon  sunk  in  Vermilion  lake.  The  government 
itself  laid  out  a  road  from  Duluth,  and  the  works  were  in  progress  till 
a  short  time  since.  Several  shafts  were  dug,  among  others  one  70  feet 
^ieep  by  a  New  York  company.  As  yet  the  costs  have  far  exceeded  in 
amount  the  value  of  the  small  quantity  of  gold  which  has  actually 
been  taken  out.  I  have  seen  a  number  of  samples  of  the  gold-bearing 
quartz  of  Vermilion  lake,  but  have  not  yet  found  even  a  speck  of  na- 
tive gold.  Likewise  I  have  not  been  able,  in  spite  of  the  most  diligent 
enquiry,  to  find  any  one  who  has  seen  it.  There  is  now  no  doubH;  at 
all  that  so  long  as  the  region  remains  inhabited  by  Indians  and  fur- 
animals,  separated  seventy  miles  from  any  railroad,  the  amount  of  gold 
taken  out  cannot  pay  any  one. 

The  same  must  be  said  of  the  iron  ores  outcropping  in  the  neighbor- 
hood of  Vermilion  lake,  concerning  which  the  reports  brought  by 
travelers  are  very  favorable;  the  profitable  mining  of  which,  neverthe- 
less will  not  be  entirely  feasible  without  a  railroad  connection  with 
Lake  Superior.  The  description  which  Eames  gives  of  these*  agrees 
with  the  red  iron-rocks  of  the  Huronian  on  the  south  shore  of  Lake 
Superior  in  the  State  of  Michigan'**  The  iron  ores  from  Vermilion 
lake  that  have  been  brought  to  St  Paul  consist  of  a  very  pure,  glitter- 
ing haematite,  of  a  steel-gray  color. 

It  is  probable  that  further  search  in  Minnesota,  on  both  sides  of  the 
^one  of  Laurentian  rocks,  will  show  the  presence  of  Huronian  iron 
ores.  There  have  this  year  new  surveys  been  made  along  the  branch 
line  of  the  Pacific  railroad  which  runs  along  the  Mississippi,  extending 
further  toward  the  north.     I  hope  by  this  means  to  learn  of  interest. 


^Report  of  Henry  Eames  18M,  p.  11. 

^•Credaer:  ZeiUehn  d.  DeiU^ek,  geol.  Get.  1869  f.  687. 
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ing  facts  concerning  the  relationships  of  the  Laurentian,  Huronian 
and  Silurian  rocks  in  the  upper  portion  of  the  Mississippi  valley. 

Besides  the  rocks  and  formations  described  above,  I  have  marked 
upon  the  plate  (Taf.  VIII.)  a  small  area  south  from  the  St.  Peter  river 
lying  between  Laurentian  and  Huronian  rocks.  This  small  area  be- 
longs, according  to  the  investigations  of  Prof.  Hall,  to  the  Cretaceous 
formation.  It  is  an  old  fresh-water  basin  in  which  has  been  found  a 
considerable  quantity  of  brown  coal.  As  I  have  not  examined  the 
region  myself,  and  I  know  nothing  further  about  it,  I  shall  give  here 
nothing  further  concerning  its  appearance.  Much  effort  has  been 
made  continually  to  find  stone  coal,  or  brown  coal,  in  Minnesota,  be- 
cause in  a  large  part  of  the  State  there  is  a  lack  of  forest,  and  there- 
fore of  fuel.  The  small  Cretaceous  area  on  the  Cottonwood  river  is  as 
yet  the  only  spot  where  real  coal-bearing  beds  have  been  found  in  out- 
crop. All  former  discoveries  have  proved  to  be  * 'drift  coal,  "or  erratic 
pieces  in  the  diluvium. 
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VII. 

CHEMISTRY. 

ANALYSES  BY  PROF.  JAMES  A.  DODGE. 

Analyses  have  been  reported  by  Prof.  Dodge  of  substances  for  the 
surrey,  from  Nos.  69  to  83,  both  inclusive,  of  the  Chemical  Series. 
This  list  is  from  the  following  localities : 

No.  69.  Efflorescence  on  the  surface  of  the  ground  (**  alkali ''),  Sec. 
14,  lona,  Murray  Co.     Mus.  Reg.  No.  3936. 

No.  70.  . Light-colored  pipestone,  or  ** chalk-rock"  so-called.  Palis- 
ades, Minnehaha  County,  Dakota,  two  rods  east  of  the  dam,  in  the 
plane  of  the  pipestone.    Mus.  Reg.  No.  3896. 

No.  71.  Light  blue  calciferous  sandrock,  from  the  lower  part  of  the 
quarry  of  Maxfield  and  Mather,  Mankato,  showing  non-hydrated  (un- 
oxidized)  natural  condition  of  the  deeper  beds  of  the  Shakopee  for- 
mation. 

No.  72.  Rice  Point  granite.  No.  1  of  the  Survey  Series.  To  deter- 
mine the  alkalies  and  the  lime  of  the  feldspar. 

No.  73.  Rice  Point  red  granite,  No.  1  B,  of  the  Survey  Series.  To 
determine  the  alkali  of  the  feldspar. 

No.  74.  Limestone,  supposed  to  be  hydraulic  the  equivalent  of  the 
shale  layer  at  Maxfield's  quarry,  at  Mankato.  From  the  quarry  of  J. 
R.  Beatty  &  Co.,  near  Mankato. 

No.  75.  Light-colored,  nearly  white  clay,  supposed  to  be  kaolinic, 
from  the  same  place  as  the  above,  but  probably  Cretaceous. 

No.  76.    Water  from  Mille  Lacs,  needing  filtering. 

No.  77.      Water  of  the  Mississippi  river  from  above  Minneapoli 
about  one  mile,  right  bank. 

No.  78.  Water  of  the  Mississipi  river  from  below  Minneapolis 
about  one  mile,  right  bank. 
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No.  79.  Limestone  of  the  Hudson  river  Group  at  Clinton  Falls, 
near  Owatonna,  quarry  of  Lindersmith  &  Son. 

No.  80.  Limv  sediment  in  a  laver  in  the  till,  on  Nicollet  Island, 
Minneapolis. 

No.  81  Ore  supposed  to  contain  copper,  from  near  Beaver  Bay. 
From  T.  56,  R.  8,  S.  W.  i  Sec.  22,  on  North  river,  Wieland  Brothers. 

No.  82.     Lime  City  limestone,  Filmore  county.  Mus.  Reg.  No.  4099. 

No.  83.  Concretionary  Cretaceous.  Two  Rivers,  Morrison  county. 
Mus.  Rejr.  No.  45f)l. 

ANALYSES. 

Xo.  69,  C/iemirai  Series.     Museum  Reg.  No.  3936. 

*'  Alkali''  Efflorescence,  with  soil  adhering. 

Whole  substance  powdered,  air-dried,  digested  with  water:  — 

Per  cent. 

Dissolved  by  water 48.6 

The  residue  digested  with  hydrochloric  acid: — 
Dissolved  additional 3.1 


Total  dissolved  matter  of  the  whole  substance 51  7 

Portion  dissolved  by  water  contained : 
Scf^'  22.5  per  cent  ) ^^  3  ^^^^  ^^^^^  sulphate  magnesia 

Water not  determined 

SiOg,  Fe^Og traces 

Organic  matter traces 

The  sulphate  of  magnesia  was  therefore  not  present  in  the  form  of 
Epsomite,  as  MgO,  SO3,  7HoO. 

Would  require  M^O,  16.26  per  cent.  | ^g  ^g  ^^  ^^^^^ 

''       THgO 51.22 

Portion  (additional,)  dissolved  by  hydrochloric  acid  contained: 

SiO  2 18.6  per  cent. 

Fe^Oa,  AUOg  and  phosphoric  acid 58.3        *'      (mainly  Fe,0,) 

MgO 205 

C  aO traces 

Organic  matter 

Alkalies 

The  residue,  insoluble  in  H  01,  fused  with  carbonate  of  soda,  gave: 

SiO. 75.8 

AljOj 11.1 

Fe^Oa 2.1 
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CfO \ 86 

MgO 66 

Organic  matter considerable 

Alkalies trace 

This  residue  was  in  fact  simply  a  dark  soil,  with  fragments  of 
roots  &c. 

Carbonic  acid,  and  chlorides  were  almost  wholly  absent  from  the 
substance.  Potash  and  soda  were  present  in  slight  traces.  Lime  also 
was  present  in  slight  traces. 

.Vo.  70,  Chemical  Series,  Museum  Reg  No.  3896. 

SiO, 50.4    percent, 

AlA 33.3 

Fe.O, 2.8 

OaO 0.6 

MgO 0.17 

•Na,0 3.5 

K.0 0.6 

H,0 9.6 


* 


100.97 

The  composition  agrees  fairly  with  that  of  Catlinite,  which  the  rock 
resembles  in  physical  properties  except  color,  being  white  with  tinge 
of  yellow. 

No.  71.     Rock,  a  limestone  of  light-gray  color,  containing  silica. 

Ten  grammes  of  the  powered  and  dried  mineral  were  digested  with 
hydrochloric  acid;  a  residue  was  left  which  weigh«=^d  1.552  gms.,  mak- 
ing 15.52  per  cent,  of  the  rock;  the  portion  dissolved  was  therefore 
84.48  per  cent. 

Analysis  of  portion  dissolved  by  hydrochloric  acid : — 
Fcj  O3  with  small  amount 

of  Alj  O3  and  SiOj  3.14  per  cent.,  being  2.65  per  cent,  of  whole  rock. 

CaOCO,  55.47        *'  ''    46.86 

MgO  CO,  39.73        **  ''    33.56 


((  ((  << 

((  (<  <c 


98.34  83.07 

Analysis  of  portion  left  undissolved  by  hydrochloric  acid: — 
SiO,  -  77,9  per  cent.,  being  12.1  per  cent,  of  whole  rock. 

Al,  O3       .  19  24        "  "      2.99 

CaO  -  .34        "  **        .05 

MgO  -  .12        *•  **        .02        '*  **  *' 

Alkalies,  traces. 

Organic  matter,  traces. 

97.60  15.16 


2'M 
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It  appears,  therefore,  that  the  rock  is  a  magnesian  ^limestone,  with 
about  12  per  cent,  of  silica  and  somewhat  over  2i  per  cent,  of  oxide 
of  iron. 

No.  72.  A  granitic  rock  of  bliiish-grciy  color,  from  which  the  felds- 
pathic  portion  was  selected  (by  mechanical  means)  as  clean  as  possible. 
This  portion,  which  was  still,  however,  not  wholly  unmixed  with 
other  constituents  of  the  rock,  was  analyzed  with  the  following  result: 

SiOj 49.78  per  cent. 


Al.,  O.,  I 


32.36 


and  Fe 

CaO 11  55 

MgO 1.43 

K2  0 41 

Nag  0 3.39 

Hg  0 1.83 


100.76 
No.  73.     A  granitic  rock  of  reddish  color;  this  was  analyzed   as  a 
whole,  the  grain  being  too  fine  to  permit  mechanical  separation  of  its 
constituents. 

Si  O2 .   75.78  per  cent. 

Al,  Og 11.09 

Fe,  O3 2.09 


(C 


<( 


CaO.. 
MgO  . 
K,0.. 
Nag  0 
H,().. 


<< 


<< 


(< 


(< 


86 

65 

1.06 

6.43 

1.82 

99.78 

Xo.  74.  Rock  a  siliceous  limestone.  Digested  with  hydrochloric 
acid,  a  residue  was  left  amounting  to  19.67  per  cent.,  the  dissolved 
portion  was  therefore  80.33  per  cent. 

Analysis  of  portion  dissolved  by  hydrochloric  acid : — 

SiOo  .27  per  cent.,  being      .21   per  cent,  of  whole  rock. 

AU  03         .15        *•  ''  .11 

FcgOg      3.03        **  '*         2.43 

CaO  CO,  55.62        **  '*        44.6S 

MgO  CO,  39.13        **  **       31.59 


a 


it 


(i 


t  < 


(( 


4( 


*  . 


<( 


<( 


*  < 


<< 


i  • 


98.21 


:it.02 


*NoTB.— The  amount  of  oxide  of  iron  is  qaite  small. 


STATE   GBOLOGIST.  205 

Analysis  of  portion  not  dissolved  by  hydrochloric  acid: — 

Si  0,            -  78.27  per  cent. ,  being  15.29  per  cent,  of  whole  rock. 

Al^Os    •  18.33        **            **         3.61 

CaO                .  .48        **            **           .09 

MgO      -  .23        ''            ''           .04 

Alkalies         ~  traces. 

Organic  matter  traces. 


97.31  19.03 

A  determination  of  water  in  the  dried  powder  gave  4  \)er  cent,  (of 
whole  rock.) 

This  is  therefore  a  magnesian  limestone,  containing  about  15  per 
cent,  of  silica,  and  but  a  moderate  quantity  of  oxide  of  iron.  It 
would  appear,  likely  to  make  a  good  hydraulic  lime.  No.  71  might  also 
serve  that  use. 

No.  75.  A  very  light-colored  clay,  from  Mankato.  This  was  pul- 
verized, without  grinding  up  the  particles  of  gritty  matter  that  were 
to  some  extent  intermixed  with  it;  the  powder  was  then  mixed  with 
distilled  water,  the  suspended  portion  poured  off  and  allowed  to  settle 
for  a  day  or  two;  the  settled  portion  was  then  collected,  dried  at  212**, 
and  submitted  to  analysis  by  the  common  methods  for  silicates. 

SiO, 87.7  per  cent. 

AUO, 7.24        " 

Fe,  Oj traces        " 

CaO 67 

MgO 07        " 

K2O 49 

NaaO 3.17 

Organic  matter traces 

Water traces 


99.34 

No.  76,  of  the  Chemical  Series.  As  received  thi>  water  showed  some 
turbidity,  and  had  deposited  a  brownish  sediment  in  the  can.  It  was 
filtered,  and  a  large  quantity  evaporated.  In  the  course  of  this  evap- 
oration a  similar  brown  fiocculent  matter  separated  out.  It  consisted 
of  organic  matter  mixed  with  oxide  of  iron. 

The  residue  from  evaporation  was  submitted  to  analysis,  and  found 
to  consist  of  the  following  substances.  In  the  amounts  stated : 


<r  <(  (<  (( 

<(  <<  ((  <( 

((  ci  H  tt 

n  a  (<  (< 

((  «<  ((  <( 

<<  <(  ((  •< 
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Silica 3  85    per  cent,  of  total  residue  from  evaporation. 

Carb.  lime 28.07 

Sulph.   lime 95 

Carb.  Mag 28.62 

Oxide  of  iron 1.26 

Carb.    potassa...       3.03 

Carb    soda 11.09 

Chi.  sodium 74 

Organic  matter..     22.40 

The  weight  of  the  residue  from  a  given  quantity  of  water  was  found 
to  be  in  the  proportion  of  about  10  grains  to  the  gallon.  Reckoning 
the  above  specified  constituents  in  grains  per  gallon,  I  found : — 

Silica 2499  grains  per  gallon 

Carbonate  of  Lime 3.1355 

Sulphate  of  Lime 1051 

Carbonate  of  Magnesia 3.1589 

Oxide  of  Iron 1389 

Carbonate  of  Potash 3346 

Carbonate  of  Soda. 1.2241 

Chloride  of  Sodium 0817 


Total  Mineral  matter 8.4287 

Organic  matter 2  4458 


<< 

n 


Total  residue 10.8745 

In  regard  to  the  above  figures,  it  is  to  be  noted,  that  the  amount  of 
solid  residue  taken  as  a  whole  is  not  great,  compared  with  that  from 
many  waters  in  this  State;  that  the  amounts  of  lime  and  magnesia 
(existing  in  the  water  as  bicarbonates,)  are  but  moderate;  that  sulph- 
ates and  chlorides  are  almost  wanting,  and  that  the  water  is  alkaline, 
by  virtue  of  the  presence  of  the  carbonate  of  potash  and  soda.  Upon 
concentration  of  this  water,  in  a  platinum  dish,  a  ready  and  decided 
test  is  obtained  by  litmus  and  turmeric  papers. 

Further,  it  was  found  that  nitrates  and  phosphates  are  absent. 

No  special  examination  of  the  organic  matter  was  made. 

Nos,  77  and  78  of  the  Choivcal  Series, 

Minneapolis,  Minn.,  March  13,  1882. 
Prnf.  X,  H.  Wluchen: 

Dear  Sir: — I  hereby  report  the  results  of  my  analysis  of  the  water 
of  the  river  made  at  your  request  with  a  view  to  determine  what  dif- 
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ference  might  show  itself  in  the  water  above  and  below  the  city.  Two 
samples  were  procured,  at  the  same  time  and  in  the  same  manner,  the 
one  (No.  77,)  at  a  point  on  the  west  bank  about  half  a  mile  above  the 
upper  bridge,  (Plymouth  Ave.,)  and  above  all  apparent  considerable 
sources  of  contamination,  the  other  (No.  78)  at  a  point,  also  on  the 
west  bank,  below  the  brewery,  at  the  small  grove  near  the  Fair 
Grounds. 

These  two  samples  of  the  river  water  have  been  submitted  to  pre- 
cisely the  same  course  of  analysis.  A  quantity  of  each  sample, 
amounting  to  eight  litres — somewhat  over  two  gallons — was  evapo- 
rated to  dryness,  and  the  composition  of  the  residue  ascertained.  In 
addition,  the  method  of  determining  organic  matter  in  water  by  the 
distillation  process  of  Wanklyn,  was  applied  to  each  sample  of  water. 

The  samples  of  water  were  procured  by  me  about  the  20th  of  De- 
cember. They  were  immediately  filtered,  and  kept  in  suitable  glass 
vessels;  that  part  of  the  work  of  analysis  which  needed  to  be  done 
without  delay,  in  order  to  avoid  the  effects  of  change  in  the  water  by 
keeping,  was  done.  The  remainder  has  been  carried  on  with  other 
work  during  great  part  of  the  winter. 

1.  Composition  of  the  residue  from  evaporation  of  the  water  of 
the  river  above  Minneapolis : — 

Silica.  Si02 7825B  grains  per  gallon 

Carbonate  of  Lime,  CaO  CO2 6.39532 

Carbonate  of  Magnesia  MgO,  CO2 3.15307  '' 

Carbonate  of  Iron,  FeO  CO2 05504  " 

Chloride  of  Sodium,  NaCl 16352  '' 

Potash,  K2O 10162  '' 

Soda,  Na20 17462  ** 

Sulphuric  Acid,  SO3 16445  ** 

Nitric  Acid,  N2O5 traces 

Total  Mineral  matter  in  the  residue..     10.1)9020       " 
Organic  matter.! 1.40228 

Total  Min'l  &  Organic  m*tV  in  residue    12.39248       ** 

2.  Composition  of  the  residue  from  evaporation  of  the  water  of  the 
river  below  Minneapolis : — 

Silica,  Si02 97090  grains  per  gallon 

Carbonate  of  Lime,  CaO  CO2 6.13722       " 

Carbonate  of  Magnesia,  MgO  CO2 2.42827       ** 

Carbonate  of  Iron,  FeO  CO2 15560       ** 
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Chloride  of  Sodium,  NaCl 18408 

Potash,  K2O 15826 

Soda,  NaaO 15126 

Sulphuric  Acid,  SO3 17462 

Nitric  Acid,  NgOj traces,more  than  in  No.l 

Total  Mineral  matter  in  residue 10.36021  grains  per  gallon 

Organic  matter 1.96219 


<<  (( 


(i  Si 


Total  Min'l  &  Organic  m'tV  in  residue    12.32240 

3.  Results  of  Wanklyn's  method  for  determining  the  organic  mat- 
ter, in  water  from  above  city: — 

Free  Ammonia,  .0175  milligrammes^per  litre, 

or  .0175  parts  per  million. 
Albuminoid  Amonia,        .0625  mgm.  per  litre, 

or  .0625  parts  per  million. 

4.  Results  of  Wanklyn's  method  for  determining  the  organic  mat- 
ter, in  water  from  below  city: — • 

Free  Ammonia,  .0266  parts  per  million. 

Albuminoid  Ammonia,     .1550  parts  per  million. 

I  would  like  to  call  attention  to  the  following  points :     First,  the 
amount  of  matter,  mineral  and  organic  together,  differs  but  little,  in 
the  residues  from  the  evaporation  of  the  two  waters;  but  the  amount 
of  organic  matter  in  the  water  from  below  the  city  is  appreciably 
larger  than  in  the  water  from  above;  on  the  other  hand  the  amonnt 
of  mineral  matter  is  larger  in  the  water  from  above.     This  latter  re- 
sult was  to  me  wholly  unexpected,  but  I  am  certain  of  its  correctness. 
The  water  of  the  river  below  contains  a  little  less  carbonate  of  lime 
and  magnesia  than  the  water  above.     The  difference,  however,  is 
wholly  immaterial  in  a  practical  point  of  view,  and  may  be  accounted 
for  by  the  influx  of  several  creeks  which  bring  in  softer  water  than 
the  river;  also  by  the  consideration  that  what  lime  finds  its  way  into 
the  river  from  factories  and  from  masons'  use,  may  s6rve  to  precipitate 
a  small  part  of  the  carbonate  of  lime  and  magnesia  that  are  in  the 
river.     Second,  the  difference  in  the  amount  of  organic  matter  in  the 
two  samples,  is  quite  material,  in  sanitary  respects.     The  results  of 
the  determination  of  free  ammonia  and  albuminoid  ammonia  are  such 
as  to  place  the  water  from  above  the  city  under  the  head  of  good 
drinking  water,  while  that  from  below  would  be  excluded  from  that 
class.    It  is  to  be  observed  that  the  water  below  shows  somewhat  more 
of  all  ingredients  except  lime  and  magnesia.    In  the  case  of  nitrates. 
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a  quantitative  determination  could  not  be  made.     Qualitative  teats 
showed  somewhat  more  in  the  water  below. 

Very  respectfully, 

James  A.  Dodge. 

Chemical  Series,  Xo.  79,  a  Siliceous  Limestone. 
Soluble  in  hydrochloric  acid: —       Insoluble  in  hydrochloric  acid: — 

per  cent,  of  par  cent,  of 

whole  rock.  wbole  rock. 

Silica 2.88  Silica 10.74 

Oxide  of  iron 2.56  Oxide  of  iron  and  aluminft.       3.80 

Oalcium  carbonate 58.09  Lime traces 

• 

Magnesium  carbonate 19.90  Magnesia 63 

Alkalies traces  Alkalies traces 

Sulphric  acid traces  Organic  matter not  determined 


83.43  15.17 

Chetnical  Series  No.  80. 

Calcareous  rock,  with  iron  pyrites  distributed  through  it,  and  hav- 
ing a  vein  mainly  of  pyrites. 
Main  rock : —  Vein : — 

Chemical  Series  No.  81,  Calcareous  Layers  in  Drifts  Nicollet  Island. 
Soluble  in  hydrochloric  acid : —       Insoluble  in  hydrochloric  acid: — 

per  cent,  of  per  cent,  of 

whole  rock.  whole  rock. 

Oxideofiron 2.69  Silica  and  silicates 35.63 

Calcium  carbonate 55.55 

Magnesium  carbonate 4.95 


63.19 
Chemical  Series  Noi  82,  Limestone. 
Soluble  in  hydrochloric  acid : —       Insoluble  in  hydrochloric  acid: — 

per  cent,  of  per  cent,  of 

whole  rock.  whole  rock. 

Oxideofiron 73  Silica,  etc 4.57 

Calcium  carbonate 70.53 

Magnesium  carbonate 23.49 

94.75 
Chemical  Series^  No.  83.     A  siliceous  rock,  to  a  great  extent  soluble 
in  hydrochloric  acid. 
14 
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The  rock  was  analyzed  as  a  silicate,  and  its  composition  found  to  be 
as  follows: — 

Silica 19.81  per  con  t. 

Alumina 52.43 

Oxide  of  Iron... 1.82 

Calcium   Carbonate 1.64 

Soda 0.44 

Water 23.28 


08.87 


In  appearance  this  rock  bears  a  eojisiderable  resemblance  to  com' 
pact  gray  limestone.  Its  hardness  is  a  little  less  than  that  of  lime 
stone. 
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Vll. 

THE  GEOLOGY   OF  THE  DEEP   WELL  DRILLED   BY   (\   C. 

WHELPLEY  AT  MINNEAPOLIS,  AT  THE 

^*C"  WASHBURN  MILL. 

JJY  N.  H.  WIXCHELL. 
(KEAD  before  the  MINNESOTA  ACADEMY  OF  SCIENCES,  JANUARY,  1882.) 


I  have  just  seen  for  the  first  time  the  record  and  drillings  of  tliis 
well  (Dec.  1881),  though  the  well  was  drilled  some  years  ago,  and  the 
record  and  drillings  were  preserved  at  my  request.  The  set  sent  me  by 
Mr.  Whelpley  was  lost  in  some  way  by  being  miscarried.  The  set  on 
which  these  notes  are  based  was  encountered  in  the  late  moving  of  the 
eflfects  of  the  Academy  to  new  rooms,  and  I  take  the  first  opportunity 
to  bring  before  the  Academy  what  I  deem  important  information  con- 
cerning the  strata  that  underlie  the  city,  derived  from  an  examination 
of  this  tube.* 

In  order  to  appreciate  the  bearing  of  the  new  facts  on  the  geology 
of  the  region,  it  will  be  necessary  to  review  briefly  the  former  knowl- 
edge we  had  of  the  strata  underlying  the  city.  In  the  report  of  the 
geological  survey  for  1876,  will  be  found  a  description  of  the  geology 
of  Hennepin  county,  by  which  it  will  be  seen  that  the  strata  of  the 
Lower  Magnesian  formation,  represented  by  the  Shakopee  limestone 
extends  under  the  St.  Peter  sandstone,  occupying,  conjecturally  the  sur- 
face of  the  western  and  central  parts  of  the  county.  In  the  same  report 
is  a  section  of  the  deep  well  drilled  in  East  Minneapolis,  as  furnished  by 
the  city  engineer.  Col.  J.  B.  Glough,  the  designations  of  the  strata  be- 
ing his,  or  of  the  party  who  drilled  the  well.  The  drillings  of  that 
well  were  not  preserved,  and  it  was  found  impossible  to  verify  the  des 
ignations  by  a  comparison  with  them.     It  will  be  seen  by  that  section 

*The  drilUngi  ftrom  tlio  well  wore  exhtbited  ia  a  glaee  tube  nboot  three  feet  long,  In  tbe  order  of  tbeir 
pUoee  in  the  strata. 
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that  a  '*  red  limestone  "  was  reported  as  penetrated,  beginning  at  234 
feet  and  extending  a  depth  of  102  feet  farther.  Under  this  is  reported 
a  **  gray  limestone."  Below  these,  followed  alternating,  gray  and  white 
sandstones  and  shales  with  some  sandy  limestones,  to  the  .depth  of  107i 
feet.  At  that  point  the  drill  entered  a  red  shale  and  sandstone  which 
seems  to  have  varied  very  little,  if  any,  up  to  the  time  the  work  ceased 
at  a  depth  of  1421  feet.  This  red  shale  and  sandstone  is  the  same  for- 
mation in  which  the  deep  well  stopped  at  Belle  Plaine,  and  at  other 
places  in  the  State,  the  equivalent  of  the  red  shales  of  the  Lake  Su- 
perior region,  the  probable  true  Potsdam  of  the  northwest.  The  well 
reported  by  Mr.  Whelpley  only  goes  to  the  depth  of  205  feet,  but  as  the 
drillings  are  presented  with  the  recorded  designations,  it  throws  light 
on  the  geology  of  this  part  of  the  State  which  has  a  bearing  on  the 
proper  interpretation  of  the  deeper  well  of  1874.  It  is  as  follows,  as 
given  correctly  by  Mr.  Whelpley : 

1.  Peaty  black  soil 2  feet 

2.  Drift  sand  and  stones 8 

3.  Limerock,  (gray  and  blue) 24* 

4.  Blue  clay,  (shale) 2 

5.  White  sandrock 44     " 

6.  Yellow  sandrock 7     '* 

7.  White  sandrock 41 

8.  Yellow  sandrock- 3 

9.  Fine,  white  sandrock 22 

10.  Yellow  sandrock 5     *' 

11.  White  sandrock 2     *' 

12.  Pipestone  clay,  reddish  brown 2 

13.  Coarse,  white  sandrock,  (water  to  top  of  ground) ..  21 

14.  Coarse,  gray  sandrock 17 

15.  Hard,  gray  sandrock 4 

16.  Red  rock,  (grit)  penetrated  only 1 


Totaldepth 205     " 

On  comparing  these  records  it  will  be  seen  that  the  former  well  pen- 
etrated the  two  feet  of  pipestone  clay  at  about  the  depth  of  197  feet 
(of  its  own  record,)  without  any  notice  being  taken  of  it.  This  sup- 
position is  more  probably  correct  than  that  this  clay  was  not  encoun- 
tered, judging  from  a  general  looseness  of  designation  that  seems  to 
pervade  the  earlier  part  of  that  record,  and  from  the  nature  of  the 
stratum  and  the  proximity  of  the  wells  to  each  other,  (about  one- 
third  mile  apart).     Furthermore,  the  record  of  white  sandrock  contin- 
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ues  alike  in  each  well  down  to  the  depth  of  204  feet  in  one,  and  234  in 
the  other,  which,  calculating  from  the  top  of  the  Trenton  limerock, 
makes. the  *'  red  rock  "  in  one  well  (Whelpley's)  appear  at  195  feet,  and 
in  the  other  at  1  »1  feet.  This  shows  that  there  could  have  been  no 
such  disturbance  in  the  bottom  of  the  ocean  as  to  have  changed  the 
detritus  and  caused  the  omission  of  the  pipestone  clay  in  the  East  Min- 
neapolis well ;  which  is  also  indicated  by  the  fact,  that  the  pipestone 
clay  was  extensive  enough  to  confine  under  hydrostatic  pressure,  a 
volume  of  water  which  rose  at  once  to  the  surface  of  the  ground  on 
being  pierced  by  the  drill. 

All  the  sands  underlying  the  blue  clay  below  the  Trenton  limestone 
are  essentially  the  same  in  character,  being  composed  of  rounded 
grains  of  pure  quartz.  These  grains  differ  in  size,  the  largest  being 
about  as  large  as  a  mustard  seed,  and  the  smallest  too  minute  to  dis- 
tinguish with  the  unaided  eye.  They  difiTer  in  color  somewhat,  passing 
from  a  pure  limpid  glass  to  snowy  white,  and  to  a  buff  color,  and  to  a 
smoky  gray.  These  colors  are  not  due  to  the  cement  in  which  they 
were  enclosed,  but  to  an  actual  difference  in  the  quartz  itself.  This  < 
difference  of  color  implies  some  change  in  the  source  of  the  material, 
and  suggests  the  enquiry  whether  that  change  were  not  in  the  waters 
of  the  ocean  rather  than  on  the  land.  On  the  supposition  that  this 
pure  quartz  were  the  result  of  chemical  precipitation,  these  different 
colors  in  the  same  formations  are  easily  accounted  for  by  such  changes 
as  may  have  occurred  in  the  ocean  by  shifting  currents,  allowing  the 
mingling  of  certain  other  substances  in  solution,  with  the  precipitated 
silica  so  as  to  stain  it  as  it  is.  On  the  supposition  that  this  sand  is  de- 
rived from  the  preexisting  land  as  a  sediment  of  detritus,  it  is  very 
difficult  to  understuud  how  such  a  source  of  pure  silica,  almost  abso- 
lutely free  from  other  sand  and  impurities,  could  be  obtained  and  dis- 
seminated as  widely  as  this  sand  is  known  to  extend,  and  to  change  its 
inherent  color  from  time  to  time. 

The  pipestone  clay  No.  12,  is  undistinguishable  from  similar  clay 
and  shale  seen  in  the  Potsdam  formation  at  Fond  du  Lac.  It  is  some* 
what  schistose  in  one  of  the  fragments,  and  also  has  spots  of  green 
similar  to  the  green  spots  seen  in  the  same  clay  at  Fond  du  Lac.  In 
its  schistose  character  it  resembles  some  of  the  schistose,  soapy,  clays 
seen  in  the  formation  at  Baraboo,  Wisconsin,  and  at  Sioux  Falls,  Da^ 
kota.  It  generally  is  a  shale  and  has  an  angular  fracture.  In  the 
midst  of  one  of  the  fragments  is  seen  a  little  grit  cemented  by  the 
same  substance  that  cements  the  red  rock  of  No.  16. 

No.  16,  which  is  the  red  limestone,  so-called,  of  the  East  Minneapo- 
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lis  well,  has  not  any  of  the  qualities  of  a  limestone.  It  is  a  coarse,  red 
s^rit-stone,  or  arenaceous  felsite,  the  grains  being  pure  white  silica, 
aiul  the  cement  itself  an  amorphous  red  feldspathic  substance  seen  to 
result  in  many  cases  from  incipient  metamorphisra  uf  the  shales  of  the 
formation,  disturbed  by  igneous  eruptions,  at  Lake  Superior.  In  other 
words  it  is  a  layer  of  the  red  quartzyte  formation  seen  at  New  Ubn 
and  at  Baraboo,  Wisconsin.  The  East  Minneapolis  well  found  this 
layer  to  be  102  feet  thick,  and  to  be  underlain  by  other  sands  and 
shales,  some  of  them  being  blue  and  gray  to  the  thickness  of  722  feet. 
Thus  we  find  an  interbedded  red  quartzyte  in  the  Potsdam  formation 
similar  to  those  seen  in  the  same  formation  in  the  Black  Hills,  and  in 
several  other  places  in  the  Rocky  Mountain  region. 

r  wish  to  call  attention  particularly  to  the  occurrence  of  the  red 
pipestone  clay  No.  12.  This  shows  that  the  continuance  of  the  dis- 
turbing causes,  centering  in  and  radiating  from  the  region  of  Lake  Su- 
perior, were  still  able  to  send  a  muddy  agitation  through  the  ocean 
sufficient  to  deposit  a  copious  red  sediment  to  the  exclusion,  almost 
entirely  of  the  white  quartz.  This  is  within  127  feet  of  the  bottom 
of  the  Trenton  formation,  and  as  nothing  but  white  sandrock  separ- 
ates  it  from  the  Trenton  formation,  it  demonstrates  the  absence  of  the 
entire  Lower  Magnesian  formation.  Thus  we  find  the  Trenton 
brought  into  contact  with  continuous  white  sandstone  beds,  which  are 
shown,  at  least  below  127  feet,  to  belong  to  the  Potsdam  formation. 
How  much  of  this  127  feet  may  be  of  the  St.  Peter  it  is  impossible  to 
state,  because  there  is  no  change  in  the  character  of  the  sandrock,  but 
it  is  just  as  reasonable  to  suppose  that  the  Potsdam  continues  upward 
to  the  Trenton  at  Minneapolis,  in  the  same  manner  as  it  is  reported  to 
in  Eastern  Michigan,  as  to  suppose  the  St.  Peter  sandrock,  which  is 
well  known  to  exist  between  the  Shakopee  and  Trenton  further  south, 
is  brought  on  to  the  Potsdam,  because  in  both  cases  it  necessitates 
what  might  be  styled  an  invisible  unconformability  between  the  Pots- 
dam and  the  next  overlying  formation. 

The  question  naturally  arises — in  what  part  of  the  Potsdam  forma- 
tion do  these  white  sandstone  layers  belong?  The  answer  must  be, 
near  the  top,  and  probably  quite  at  the  top.  This  is  evident  from 
three  considerations:  First,  there  is  an  immense  thickness  of  red 
sandstones  and  shales  underlying  them,  as  demonstrated  by  the  East 
Minneapolis  and  by  other  wells  in  the  State,  which  must  belong  to 
the  formation,  and  which  are  the  equivalent  of  the  Lake  Superior  red 
shales  and  sandstones.  Second,  but  a  small  thickness  of  sandstone 
supervenes  before  the  Trenton  formation  is  foimd  overlying.     These 
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upper  light  sandstones  must  be  older  however  than  the  layers  which  at 
Taylor's  Fulls  lie  iiiic  on  formal  )ly  on  the  trap  roek,  since  there  the  for- 
mation had  progressed  far  enough  to  admit  of  animal  life,  and  dolomi- 
tic  beds;  and  it  is  likely  that  the  period  of  upheaval  exhibited  about 
Lake  Superior  had  entirely  ceased  before  the  deposition  of  the  Taylor's 
Falls  sands  and  dolomites,  setting  off  tiiose  and  fill  succeeding  layers 
into  an  era  of  comparative  quiet. 

In  order  to  make  the  relations  of  these  wells  to  each  other,  and  to 
the  geology  of  the  region  more  evident,  they  are  placed  beside  each 
other  in  perpendicular  section,  in  Kgurti  Xo.  3. 


TKKTH  AWmTAL  BBPOBT 
FI&.  3. 
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Explanation  of  Figure  3. 

1.  Drift 10  feet. 

2.  Trenton  limestone 24 

3.  Light,  crumbling  sandstone  ( St.  Peter  ?) 125 

4.  Brown-red  pipestone  clay 2 

5.  Potsdam  sand 42 

6.  Red  quartzy te,  Potsdam 102 

7.  Light-colored  Potsdam  sand  and  shales . . .- 722 

8.  Red  Potsdam  sandstone  and  shales,  at  least 347 


i 


, 
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PAPERS   ON   THE  (UtUSTACEA   OF   THE    FRESH    WATERS 

OF  MINNESOTA. 


BY  (\  L.    FIERRICK. 


I.     Cyclopidce  of  yfinnesotft  with  notes  on  other  Coji^j^oda. 


II.     Noteaon  tiome  Afinnesota  Clado'era. 


III.    On  Xotodronwfs  and  Cambarus. 


[Nora — Tb«  ogtJior  f«Ii  It  bnl  julic«  to  hloiHir  lo  ii»l*  that  piirt  of  tb*  matNlU  ten 
h»  b*Bn  In  11*  preMut  form  for  Kiin*  tin*.    TtM  work  wii  btfon  In  isn.] 
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I.     Cyclopid.e  of  Minnesota,  with  notes  on  other  Copepods. 

OALANIDJE. 

It  seem»  that  recent  authors  have  sufficient  ground  for  uniting  the 
families  Cnlanidm  and  PontelWhv  under  the  single  name;  the  value  o^ 
these  terms  as  subfamily  names  even  may  be  questioned. 

The  family  is  represented  in  our  limits  by  two  genera  and  by  three, 
or  doubtfully  more  species. 

The  fifth  pair  of  feet  furnishes,  by  its  modifications,  the  best  criteria 
for  distinguishing  genera  and  species. 

Genus  Diaptomus,  Westwood. 

Body  elongated,  compressed;  head  destinct  from  the  thorax, anterior 
antenna?  25-jointed,  those  of  the  male  geniculate  on  the  right  side; 
posterior  antennae  and  mouth  parts  as  in  Calanus ;  inner  branches  of 
all  the  swimming  feet  three-jointed  except  the  first,  which  is  two- 
jointed;  fifth  foot  consisting  of  two  unequal  branches,  prehensile; 
abdomen  of  male  with  five-joints,  of  female  three-jointed. 

Diaptomus  c^astob. 

(Plate  I,  figs.  1-7,  Plate  II,  figs.  1-2,  16.) 

Bibliography, 
Monoculus  castor,  Jurine. 

Cyclops  castor,  Desmarest,  Baird,  Mag.  Zool.  and  Bot. 
Cyclops  caeruleus,  Afuller,  Laireille,  Bosc. 
Monoculus  caeruleus,  Fahricius,  Manuel^  Gmelin, 
Cyclops  lacinulatus,  Muller,  Bamdohr^  Latreille,  Bosc^  Baird^  Trans. 
Beow.  club. 
Monoculus  lacinulatus,  Manuel^  Gmelin, 
Cyclops  rubens,  Midler^  Latreille^  Bosc,  Baird, 
Diaptomus  castor,  Westwood^  Baird,  Baker. 
Cyclopsina  castor,  M.  Edwards^  Baird^  Claus. 
Glaucea  rubens,  Koeh,  Deutschlands  Crust. 
Glaucea  caerulea,  Koch,  '*  ** 

Diaptomus  castor,  B'tirdj  Brit.  Entom. 

Ctau8t  Die  Freilebenden  Copepoden. 
Lilljeborgy  De  Crust,  ex  ord.  trib. 
Lubbock^  Trans.  Linn.  Soe. 
westwoodii,  Lubbock^      **  **         " 

castor,  Fric,  Die  Krustenthiere  B6hmens. 
castor,  Brady y  Brit.  Co]>epoda. 
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The  above  bibliograpliy  is  complete  <Hily  up  to  a  comparatively  re- 
cent date;  many  notices  may  be  found  in  recent  literature. 

The  species  which,  after  careful  study,  has  been  considered  identical 
with  the  European  Z).  castor  is  that  described  previously  as  D.  longi- 
corn  is  with  the  remark  that  it  might  prove  too  near  D.  castor,  D.  san- 
guincuSy  Forbes,  seems  to  be  the  same  thing  nearly.  If  the  amount  of 
variability  admitted  by  Brady  to  prevail  is  allowable  I  see  no  reason 
for  separating  this  species.  It  is  very  variable  as  to  size  and  colora- 
tion, and  even  in  the  configuration  of  some  of  the  parts,  as  antennae, 
etc.,  a  certain  amount  of  hititude  is  to  be  given;  (See  plates  of  Claus, 
Zur  Anatomic  und  Entwicklungs-geschichte  der  Copepoden  Arch.  f. 
Naturg.  XXIV  Jahrg.,  B  f.)  iVr.-iVo  ;  cm.  in  length^  The  following 
points  are  variable : — length  of  caudal  stylets,  structure  and  thickness  of 
male  geniculating  antenna,  size  of  claw  of  fiftli  male  foot  and  spinous 
armature  of  feet.  How  far  such  variations  may  extend  and  how  much 
they  are  dependent  on  peculiarities  of  habitat,  etc.,  farther  study  must 
demonstrate.  Some  interesting  facts  meanwTiile  are  suggestive.  A 
second  and  gigantic  form  which  may  be  known  as 

Diaptotnus  giganUus. 

(Plate  II,  ligs.  3-11-15.) 

with  the  reservation  that  it  is  doubtfully  of  more  than  varietal  value, 
was  found  under  such  circumstances  as  to  suggest  that  it  might  be 
only  a  curiously  magnifi^ed  condition  of  Z).  castor.  It  is  known  to 
occur  only  in  a  small  marshy  pool  of  about  two  square  rods  extent  and 
which  annually  dries  up  nearly  completely.  A  fe\^  yards  away  is  a 
second  pool  of  a  somewhat  greater  size  and  which  less  frequently  dries 
up  in  summer.  These  two  pools  within  the  memory  of  the  writer 
were  united,  but  in  the  gradual  dessication  which  has  been  observed  in 
all  Minnesota,  they  have  been  isolated.  The  former  pool  in  June  was 
found  to  contain  mature  males  and  females  of  the  D.  giganteus  only, 
few  other  copepods  being  present,  while  the  other  pool  contained  aU 
stages  of  the  common  Z),  castor.  There  are  no  neighboring  waters,  the 
nearest  being  half  a  mile,  and  that  (L.  of  Isles)  has  only  D.  castor. 

The  smaller  pool  soon  completely  dried  up  so  that  this  form  was,  for 
the  time,  exterminated.  The  conclusion  seems  almost  resistless  that 
the  stagnation  incident  to  evaporation  produced  circumstances  favor- 
able to  the  development  of  this  enlarged  form.  At  any  rate  it  is  an 
interesting  fact  in  local  distributiim. 

This  variety  is  ^  cm.  long  or  more,  and  is  much  the  largest  fresh 
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water  eopepod  known  to  me ;  it  is  a  deep  red  in  color  and  very  com- 
pactly framed.  Although  so  much  larger  than  D.  cador,  it  is  almost 
impossible  to  find  any  structural  differences.  The  male  fifth  foot  dif- 
fers somewhat,  but  mainly  in  the  enlargement  of  one  part  at  the  ex- 
pense of  the  others.  The  thorns  on  the  feet  are  strongly  pectinate 
and  the  larger  ones  bear  short  spines  instead  of  bristles. 

Diaptmnus  armatus^  sp.  n. 
{See  accompanying  cut.) 

A  second  form  is  imix?rfectly  known,  but  presents  some  clearly 
marked  distinctions  which  may  have  specific  value. 

Length  about  as  D.  castor]  body  slender;  antennae  reaching  ))ase  of 
abdomen  only;  female  differing  otherwise  but  little  from  /).  castor  {?); 
male  considerably  smaller;  caudal  stylets  narrow;  antennae  peculiar, 
shorter  than  the  body;  thickened  portion  of  the  geniculate  antenna 
short;  two  last  joints  very  short;  one  preceding  the  second  long,  bear- 
ing a  hook  at  end;  fifth  foot  with  a  very  long  claw  to  longer  ramus 
(nearly  as  long  as  the  ramus  itself)  with  a  tooth  on  the  inn^r  margin 
near  the  base,  not  perfectly  arcuate,  reaching,  when  extended,  to  end 
of  caudal  setae. 


FiR.  1. 

Diaptamus  armatus. 
a.  part  of  male  antenna,     b,  fifth  foot^of  male. 


Genus  potomoichetor,*  Gen,  nov. 
Cephalothorax  six-jointed  as  in  T)iaptomm,  but  with  the  distal  seg- 
ment more  evident;  abdomen,  in  the  male,  five-jointed,  in  the  female 


*RiTer  inhabftor. 
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four. jointed]  antennse  twenty -four  jointed,  the  right  geniculated  as  in 
Centropages  (=/chthyophorhia);  first  pair  of  feet  with  the  rami  fro^A 
three-jointed y  like  the  following;  feet  of  the  fifth  .pair,  in  the  female, 
like  the  preceding,  but  with  a  spine  of  the  joint  preceding  the  ter- 
minal one  enlarged  and  divaricated  somewhat  as  in  Centropages;  in  the 
male,  the  right  with  a  two-jointed  outer  ramus,  the  terminal  joint  of 
which  is  spined  and  bears  near  its  base  a  blunt  expression  of  its  inner 
margin;  outer  ramus  of  left  foot  three -jointed,  armed  with  unequal 
spines;  inner  branches  smaller,  similar,  three-jointed;  the  terminal 
joint  bearing  curved  spines;  ovary  and  testes  as  in  Diaptomiis^  with 
which  the  mouth  parts  agree  in  the  main;  eyes  medium,  confluent;  no 
lower  or  secondary  eye-spots. 

POTOMOICHETOR    FUC0SU8,  Sp.  nOV. 

(Plate  II,  Figs.  12-14.     Plate  III,  Figs.  1-8, 13-14.) 

Rather  slender,  and  in  size,  as  well  as  general  appearance,  resembling 
the  smaller  forms  of  Diapt omits  castor ;  an tenna3  rather  stout,  reaching 
but  little  beyond  the  feet,  appendaged  as  in  D.  castor^  in  the  male 
strongly  geniculated,  but  somewhat  variously  so;  the  six  joints  pre" 
ceding  the  terminal  four  are  thickened;  those  preceding  the  joint  or 
hinge  are  arcuate  on  the  distal  margins;    the  secondary  antennae  are 
about  as  in  Diaptomus;  mandibular  palp  two-branched;  the  outer  three- 
jointed,  the  inner  two-jointed;  the  terminal  joint  of  the  shorter  branch 
bearing  seven  setae,  of  the  other  four,  the  proximal  joint  of  the  former 
with  three  stout  spines;  the  maxillae  nearly  like  Diaptonus;  the  pro- 
cesses have  respectively  the  following  numbers  of  setae :    the  basal 
plate  eight,  the  small  process  at  base  of  posterior  branchial  appendage 
one,  the  appendage  itself  twelve,  terminal  portion  three  groups,  first 
containing  nine,  the  second  three  and  the  third  four  or  five,  the  upper 
of  the  anterior  processes  two  and  the  lower  three;  fifth  feet  nearly  like 
the  others  in  size;    the  right  in  the  male  having  the  outer  branch  but 
two-jointed  by  the  coalescence  of  the  two  outer  to  form  an  arcuate 
and  deformed  appendage  armed  at  the  end   with  three  stout  equal 
spines;  corresponding  branch  of  left  foot  three-jointed;  the  terminal 
joint  bearing  three  unequal  spines,  each  of  the  preceding  but  one; 
inner  branches  similar,  three-jointed;  terminal  joint  being  short  and 
armed  with  three  short  lanceolate  setae  and  three  longer  ones,  two  of 
which  are  curved  so  as  to  be  slightly  prehensile;  fifth  foot  of  female 
with  both  rami  three -join  ted;  inner  ramus  much  smaller;  antepenult 
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segment  of  the  outer  ramus  extending  into  a  lar^e  lanceolate  process; 
ova  sac  long-elipsoidal  reaching  to  nearly  the  end  of  caudal  setae. 

This  species  prefers  running  water  or  estuaries  of  streams.  Crow 
river.  Meeker  county,  and  a  hrook  between  Minneapolis  and  St.  Paul. 

NOTE  ON  CANTHOOAMPUS. 

Claus  says  {Freilebeuden  CojifpofeN,  p  121) that  he  could  not  find  the 
coiled  **shell  gland''  in  Canthocampus,  though  it  is  described  by  Leydig. 
I  have  found  it  in  a  European  species,  {(\  minutusl)  and  think  it  con- 
stant. Canthocampus  also  has  a  singular  area  of  nervous  hairs  upon 
the  forehead,  and  in  the  same  situaticni.  pits  which  seem  rudimentary 
eye-spots  and  sometimes  appear  to  be  pigmented.  The  pentagonal  area 
mentioned  is  bounded  by  a  raised  line, 

CYCLOPIDJE 

Contains  five  genera,  viz. :  Th'frellifi,  Ct/clop:i.  Oithona,  Loffkoph- 
<mi8  and  Cychpitia;  passing,  by  the  genera  MUopbria  and  Psendocy* 
clops^  into  the  Calanidce  or  marine  copepods.  The  aflSnities  of  these 
little  studied  genera  need  further  study,  as  they  are  very  interesting, 
the  question  being  still  open  in  how  far  the  cyclopoid  forms  are  altered 
by  adaptation  to  saline  habitat,  if  such  an  adaptation  takes  place  at  all. 

The  following  is  Brady's  definition : 

Cephalothorax  ovate  and  usually  much  more  robust  than  the  abdo- 
men; anterior  antennae  seldom  longer  than  the  cephalothorax,  those 
of  the  male  alike  on  both  sides  and  modified  for  the  purpose  of  clasp- 
ing: posterior  antennae  branched  (i.  e.  palpus  wanting);  palps  of 
mandibles  and  maxillae  usually  well-developed:  foot-jaws  mostly  less 
developed  than  in  Calanid/f:  first  four  pairs  of  feet  as  in  Calanidtf', 
fifth  pair  rudimentary,  alike  in  both  sexes,  and  usually  one-jointed; 
ovisacs  two. 
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A  Cyclops  with  abnormally  pectinated  caudal  aetm. 
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Genus  cyclofs. 

Brady  well  says  of  this  geuus :  ''As  regards  discrimiiiatiou  of  species 
it  is,  perhaps,  the  most  difficult  and  puzzling  of  all  the  Copepoda," 
He  also  states  that  ''  the  only  safe  rule  in  this  state  of  things  is  to  ac- 
cept no  specimens  as  types  which  do  not  show  amongst  them  ova- 
bearing  females.''  It  is  necessary,  however,  to  limit  the  matter  more 
closely,  as  will  be  shown  farther  on,  for  not  only  do  immature  females 
become  fruitful  even  while  the  antennae  are  yet  incompletely  developed^ 
but  the  species  are  subject  to  a  sort  of  dimorphism  which  it  is  interest- 
ing to  parallelize  with  that  in  the  males  of  Cumbaru8.  The  species  are 
all  fresh-water,  so  far  as  it  is  at  present  known,  though  it  may  be  that 
salt-water  forms  exist  under  other  names. 

The  characters  of  the  family  with  some  limitations  apply  to  the 
genus. 

The  following  species  are  probably  but  few  of  those  which  occur 
even  in  Minnesota^but  they  are  so  clearly  defined,  for  the  most  part,  as 
to  be  unmistakable  and  their  description  it  is  hoped  will  form  a  founda- 
tion upon  which  to  lay  later  study. — Observations  extend  over  a  term. 
of  about  four  years. 

Species  with  seventeen-jainted  Antentue. 

CYCLOPS  TENTJICORNIS,  ClaUS. 

Bibliography. 

Plate  VI,  figs.  1-11,  20.    Plate  V,  fig.  14. 

Cyclops  tenuicornis.  Clam,  Das  Genus  Cyclops. 

Die  Frei-lebenden  Copepoden. 
Sars,  Oversigt  af  de  Indenlandske. 

Ferskvands  Copepoder. 
Uljanin^  Reise  in  Turkestan. 
Brady,  British  Copepoda. 
Cyclops  signatus,  Koch,  Deutschlands  Crust. 

G.  0.  Sars.     Uljanin.     Brady. 
Cyclops  coronatus,  Glaus,    Fric. 

We  feel  confident  that  the  two  forms  distinguished  by  Claus  as  (. ' 
coronatus Ji-signatus)  and  C  tenuicornis  should  be  united,  as  the  only 
distinction  which  is  at  all  reliable,  is  the  knife-like  serrated  ridge  on. 
the  last  joint  of  the  autennse.     The  last  joints  are  frequently  longer  iit 
tenuicornis  form,  as  are  the  stylets  in  eoronaiuSf  but  this  varies.     In  the 
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same  gathering  (for  in  so  far  as  we  have  observed  they  occur  together 
where  circumstances  permit  a  full  development,)  the  coronatuS'torm  is 
larger  and  carries  more  numerous  eggs.  No  young  with  the  serrated 
antennje  have  been  seen,  though  searched  for  diligently.  On  the  other 
hand  young  forms  of  tenuicornis  abound,  and  we  have  seen  females 
with  incompletely  grown  antennae  with  egg-sacs.  In  view  of  these 
and  similar  facts,  we  feel  justified  in  considering  coronatus  probably  a 
post-imago  ot  tenuicornis. 

Cephalothorax  broad;  abdomen  rather  slender;  antennae  reaching 
about  to  base  of  throax,  attenuated  at  the  end;   terminal  joint  with  a 

knife-like  ridge ;  formula  —  ^  ^  —  z.  >^  —  vwv^>w'v-^wv^^ 

— ;  fifth  foot  composed  of  a  long  basal  joint  bearing  a  long  spine  and 
a  terminal  three-spined  division ;  caudal  stylets  over  twice  as  long  as 
last  abdominal  segment;  setae  all  nearly  terminal,  inner  one  much 
longer  than  usual,  length  ^  cm.  •  t\ 

Common  in  America,  England  and  continental  Esrope. 


CYCLOPS  ATER,  U.  Sp. 

(Plate  III,  figs.  9-12.) 

Length  about  i^  cm;  antennae  as  long  as  cephalothorax,  i»j  cm.,  slen- 
der and  gradually  tapering;  formula*  —  :i  ^ ^-^  —  ^'^•v-^v-^r 

—  ^w ;  terminal  joints  rather  short;  the  last  joint  furnished 

with  a  knife-like  ridge  as  in  tenuicornis)  second  antennae  much  as  in 
tenuiconis;  maxillipeds  rather  large;  fifth  foot  one -join  ted,  armed  with 
three  subequal  spines;  abdomen  rather  short,  last  segment  very  short; 
stylets  somewhat  elongated;  setae  rather  short,  lateral  seta  near  the 
end;  eggs  pale;  color  deep  blue  or  gray.    . 

Jhis  beautiful  and  very  distinct  species  is  found  in  **  Mud  Lake  '*  in 
Hennepin  county,  with  Cyclops  signatus.  The  large  very  dark  cephalo- 
thorax and  shortened  abdomen  make  it  conspicuous.  The  one-jointed 
fifth  foot,  shape  of  the  operculum  vuIvcB  in  connection  with  the  short- 
ened joints  of  antennae  and  characters  of  the  caudal  stylets,  make  the 
species  sufficiently  distinct  from  any  other. 

CYCLOPS  INQBNS,  sp.  nOV, 

(Plate  IV,  figs.  1-8.) 

A  large  species  perhaps  too  near  G.  gigaSj  or  C.  brevlcornis  Claui, 
but  differing  from  the  former  as  to  the  length  of  antennae  and  stylets 

*NoTK     The  accenr  marks  Are  Uied  to  nlv^iKy  that  Joints  represented  by  thtm  (coanUng  ttoat  iMst) 
Are  either  long  — ,  short  >^,  medium  ^. 
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and  in  not  having  the  diskal  margins  spined  (except  in  some  cases?) 
and  fro  n  the  latter  in  size  and  arrangement  of  caudal  setje. 

Thorax  large;  abdomen  rather  slender;  stylets  rather  slender  with 
the  lateral  seta  well  towards  the  end;  second  and  third  setie  alone 
long,  weakly  pectinate;  last  joint  but  one  of  abdomen  sometimes 
toothed  along  the  distal,  under  margin;  maxillipeds  as  in  C.  gigas ; 
jaws  with  large  teeth;  antennae  very  short  not  reaching  to  the  base  of 
the  first  cephalothoracic  segment;  formula  —  -  ^^  —  1  -^  —  v-^v-^^w 
v^  v^  >^  .-^  ^^  —  — ;  fifth  foot  two-jointed,  the  proximal  joint  very 
broad  with  a  strong  spine,  second  joint  cylindrical  with  a  long  seta 
and  a  very  short  spine  near  the  end;  operculum  vulvae  somewhat 
heart-shaped;  egg  sacs  oval-elongated,  reaching  beyond  the  end  of  ab- 
domen; length  j*o^„  cm.  including  stylets  and  setae. 

This  is  one  of  the  largest  and  finest  as  well  as  rarest  of  our  forms 
and  loves,  as  it  appears,  lakes  having  outlets. 

SmcJl  /onm  with  aeventeen-jointed  Antenme, 

CYCLOPS  XAVUS,  Sp.   UOV 

(Plate  V,  figs.  6-18-15-17.) 

Closely  related  to  Cyclops  pnlchellus,  Koch,  and  to  Cyclops  strenuus^ 
Fischer. 

Rather  slender;  abdomen  long;  stylets  about  three  times  as  long  as 
last  segment  of  abdomen;  lateral  seta  rather  stout;  outer  and  inner 
terminal  setae  minute ;  middle  ones  of  moderate  length ;  antennae  short, 
reaching  barely  to  or  but  little  beyond  the  end  of  first  segment;  for- 
mula —  — >w/  —  -^/  —  s^^^v-^N-^v-^s^v^nn:!;  fifth  feet  two- 
jointed,  terminal  joint  large,  with  two  considerable  spines;  operculum 
vulvae  of  peculiar  shape;  length  ,Vo  cm.  excluding  setae. 

Quite  abundant  and  perhaps  passing  into  the  following. 

CYCLOPS  PAROUS,  sp.  nov. 
(Plate  VI,  figs   12-15) 

Almost  exactly  like-  the  last  but  not  yet  found  in  the  same  waters. 
Distinguished  by  the  broad  and  short  basal  joint  of  the  fifth  foot 
which  extends  into  a  process  carrying  a  spine,  the  slender  second  joint 
with  a  single  long  spine  and  a  short  thorn,  and  by  the  oral  shape  of 
the  operculum  vulvae. 
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The  caudal  setae  are  naked  for  about  a  third  of  their  length.    These 
distii)i?tion»i  .seem  constant. 

Section  with  twelve-jointed  Antenmt, 

CYCLOPS  SERRULATUS,  Fischer. 
(Plate  V,  figs.  1-5,  Plate  VII,  fig.  10  ) 

Bibliography. 

Cyclops  serrulatus,  Fischer  Bulletin  de  la  Soc.  Imp.  etc.  ^^oscou. 

Lilljp.borg,  De  crust  ex  ord.  trib. 

danSy  Das  genus  Cyclops. 

Sars,  Oversigt  Ferskvands  Copepoder. 
Frei-lebenden  Copepoden. 

FriCy  Die  Krusten  thiere  Bohmens. 

Uljanin,  Reise  in  Turkestan. 

Brady,  British  Copepoda. 
?  Cyclops  minutus,  Clans,  loc   cit.  (      young.) 
?  Cyclops  macrurus,  Sars,  loc.  cit. 
9  (\y clops  spinulosus,  Claus,  loc.  cit. 

Typical  Fonn. 

Cephalothorax  oval,  compact;  abdomen  slender  and  short,  suddenly 
enlarged  previous  to  its  union  with  the  thorax;  antennas  slender, 
reaching  nearly,  but  not  quite  to  the  last  thoradic  segment;  the  last 
three  joints  are  attenuated  and  furnish  the  most  evident  character  of 

the  species;   formula  —  —  ^  —  >^s^r:  —  s^ j  dtiring  life  the 

antennae  tend  to  assume  the  form  of  a  rude  Z,  the  proximal  four  joints 
forming  the  base;  antennules  small,  reaching  about  to  the  sixth  joint 
of  antenna?;  jaws  small  with  large  teeth;  the  single  segment  of  the 
fifth  foot  with  three  equal  spines;  egg  sacs  oval,  as  long  as  the  abdo- 
nnen;  eggs  few,  dark;  caudal  stylets  Very  long  and  slender,  spined 
along  the  outer  margin;  lateral  setae  small  and  approximated  to  the 
iipp(*r  one :  outer  terminal  seta  short,  spine-like,  in  life  set  nearly  at 
right  angles  to  the  others,  spined  or  beaded  on  one  margin  and  bristled 
•on  the  other;  the  next  seta  is  as  long  as  the  abdomen,  being  somewhat 
-exceeded  by  the  following  one ;  inner  seta  insignificant;  upper  seta  very 
small;  length  less  than  Vo  cm 

A  larger  form  occurs  with  an  elongated  body  and  abdomen  and  with 
«>?xtremely  attenuated  antennae  and  caudal  stylets,  but  it  is  not  a  va 
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riety  induced  by  alpine  habitat  as  suggested  by  Brady,  occurring  as  a 
**post  imago"  form  with  the  ordinary  type.  Claus*  description  of 
Cyclops  spinulosuff  suggests  that  this .  form  may  be  the  basis  of  his 
species  though  the  form  of  the  male  antenna  is  diflFerent  from  any 
yet  seen.  Cyclops  minutus,  Claus,  is  most  certainly  .the  young  of  some 
Cyclops,  as  is  indicated  both  by  the  description  and  figures  in  Die  Frei- 
lehenden  Cqpepoden.  Though  placed  among  the  twelve -jointed  forms  the 
antennae  are  eleven-jointed.  The  fact  that  the  females  may  have  had 
egg  sacs  is  no  proof  of  their  maturity  as  I  have  seen  undoubted  larval 
forms  of  serullatus  with  the  sacs.  Moreover  two-jointed  branches  of 
switnming  feet  is  a  larval  character.  This  is  a  cosmopolitan  and  very 
abundant  species,  occurring  in  almost  all  pools  and  lakes  about  Min- 
neapolis. The  form  and  structure  of  the  stylets,  antennae  and  feet 
make  it  an  easily  recognized  si)ecies. 

CYCLOPS  FLUVIATILIS,  Sp.  nOV. 

(Plate  VII,  figs.  1-9.) 

A  very  small  and  distinct  species  of  the  section  with  12-jointed  an- 
tennie  was  found  in  an  estuary  of  the  Mississippi  river,  (also  later  in 
L.  Minnetonka)  with  the  following  characters: — 

Body  elongated;   thorax  very  long;  abdomen  slender;  stylets  about 
as  long  or  longer  than  last  abdominal  segment;  setae  all  very  short,  not 
pectinate;  lateral  and  dorsal  setae  very  small;  outer  one  spine -like 
short  and  stout,  two  middle  short,  inner  one  very  small  and  incon- 
spicuous; antennae  reaching  nearly  to  the  base  of  abdomen;  formula, 

—  -^^  — ;  the  three  joints  following  the   six 

basal  are  much  elongated  while  the  terminal  ones  are  but  moderately 
so,  a  character  which  is  peculiar  to  this  species;  terminal  segment 
slightly  but  evidently  hinged,  and  together  with  pair  preceding  some- 
what curved;  feet  with  the  terminal  spines  strongly  toothed;  fifth 
foot  very  small,  one- jointed,  bearing  three  small  setae;  operculum 
vulvae  heart-shaped;  egg  sacs  subquadrangular;  eggs  large;  abdomen 
in  the  young  much  elongated;  color  deep  indigo,  length  ,  Jo  cm, 

CYCLOPS  ADOLESCENS,  Sp.  nOV. 

(Plate  VI,  figs.  16-20.) 

The  form  figured  under  the  above  name  seems  cloeely  allied  to  C 
affiniSy  Sars,  from  which  it  differs  chiefly  in  the  arrangement  of  the 
joints  of  antennae. 
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The  body  passes  without  marked  transition  into  the  abdomen  which 
is  abnormally  shortened ;  caudal  stylets  very  short  as  is  the  last  segment 
of  the  abdomen;  setae  exactly  as  in  C.  parous  with  which  it  was  found; 
antennae  eleven-jointed;  formula  —  v^  —  ^  ^  nr^r  — ;  a  semi -cir- 
cular series  of  spines  upon  the  basal  joint;  fifth  foot  obsolescent,  the 
three  spines  appearing  to  spring  directly  from  the  last  thoracic  seg- 
ment which  also  bears  a  series  of  teeth;  egg-sac  reaching  to  base  of 
abdomen,  with  rather  numerous  eggs;  feet  heavily  spined  on  one  mar- 
gin; length  |\/y  cm  ,  male  m  cm. 

This  species,  together  with  all  others  of  this  sort  with  eleven-jointed 
antenna?,  is  perhaps  but  an  immature  and  abnormally  modified  form 
of  some  of  the  common  species  If  this  be  true  the  rarity  of  these 
nominal  species  is  explained.  (\  minufus,  Glaus,  is  certainly  but  a  lar- 
val form,  as  is  shown  by  the  two-jointed  branches  of  swimming  feet. 

Section  with  S-jointed  Antenna'. 

CYCLOPS  CRAS8ICORNIS,    Miillcr. 

^^  Plate  IV,  figs.  9-14.) 

Bibliography, 

Cyclops  crassicornis,  Muller,  Entomostraca. 

SarSf  Oversigt  Ferskvands  Copepoder. 
Utjanin,  Reise  in  Turkestan. 
Brady,  British  ( /opepoda. 
pauper,  Fric,  Die  Krustenthiere  Bohemens. 
?  magniceps,  Lilljeborg,  De  crustaceis  ex  ordinibus  tribus,  etc. 

A  small  species  characterized  by  its  small  size  and  the  eight-jointed 
antennae ;  body  depressed  and  passing  gradually  into  the  rather  uni. 
form  abdomen;  first  cephalothoracic  joint  large;  abdomen  rather  slen- 
der; stylets  of  moderate  length,  spined  along  the  outer  margin  some- 
what as  in  (\  serrulatus;  outer  seta  lance-shaped,  short;  the  next  one 
as  long  as  stylets  and  last  two  segments;  the  following  one  nearly 
twice  as  long;  inner  one  very  small;  last  joint  of  abdomon  spined;  the 
preceding  one  fringed  on  distal  margin   with  weak  setae;   antennae 

short,  not  reaching  the  base  of  first  segment;  formula n  —  ^^  >^ 

N-^  -;  the  basal  joint  with  a  semi-circular  set  of  fine  bristles,  and  with 
the  following  is  furnished  with  pectinate  setae;  second  antennae  short; 
terminal  joint  short,  with  two  curved,  strong  spines  and  other  weaker 
ones;  fifth  feet  small  one-jointed  with  three  unequal  spines,  bordered 
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above  by  a  spined  plate  of  the  last  thoracic  segment;  length  about  iw 
cm.  excluding  setae. 

This  species  appears  not  to  be  very  abundant,  or  at  least  from  its 
small  size  it  is  not  often  encountered.  A  few  particulars  distinguish 
these  western  forms  from  the  description  given  by  Brady,  among  them 
being  the  spinous  armature  of  the  stylets,  the  bristles  on  the  penulti- 
nate  segment  of  the  abdomen,  pectinate  bristles  of  the  fifth  feet,  and 
the  greater  length  of  the  abdomen,  yet  I  see  no  reason  for  separating 
them.  I  have  not  seen  the  male  and  can  not  be  sure  that  there  is  no 
further  development,  but  the  fact  that  the  feet  in  this  form  are  three* 
jointed,  and  its  peculiar  characters,  clearly  distinguish  the  species 
from  any  other  known  to  me. 


Fi(f.  'i.  5td"  crustallina. 
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ir.     Notes  on  some  Minnesota  Cladocera. 

Tribe  F  Ctenopoda. 

siDiD-a:. 

Antennae  of  second  pair  with  unequal  rami,  superior  larger;  last 
joints  compressed  and  setose ;  intestine  simple. 

Of  this  family  two  species  are  certainly  identified  in  America,  both 
of  which  are  abundant  in  certain  favorable  locations  at  the  proper 
seasons.     Xo  species  of  the  Hdopedidce  are  known  to  occur  here. 

Genus  sida  Straus. 

Superior  ramus  of  second  antennae  three -join  ted;  posterior  margin 
of  post-abdomen  with  numerous  spines  (20-30.) 

« 

Sida  ckystallina,  iMiiller. 
(Fig.  3.) 

Bibliography, 
Daphne  crystallina,  Mu.Uer. 
Daphnia  crystallina,  Latreille.     Bosc. 
Sida  crystallina,  Straus,  M^m.  Mus.  Hist.  Nut. 
Sida  crystallina,  M,  Edwards,  Hist.  Nat.  Crust. 
Monoculus  crystallinus,  Gmelin.     Manuel.     Fabricitts, 
Monoculus  elongatus  De  Oeer,  M^m.  servir  Hist.  Ins. 
Sida  crystallina,  Lievin,  Branch,  d.  Danziger  Geg. 

Bairdy  Brit.  Entom. 

LWjeborg,  De  crust,  ex  ord.  trib. 

Fischer. 

Sch6dler,  Die  Branch,  d.  Umg.  v  Berlin. 
Neue.  Beitr. 

I^eydig,  Naturg.  d.  Daph. 

SarSf  Norges  Ferskv — Krebsdyr. 
elongata  Sars      '*  *'  " 

Sida  crystallina,  P.  E.  MaUer,  Danmark*8  Cladocera. 

Kurz,  Dodekas  Neuer  Cladoceren. 

Birge,  Notes  on  Cladocera. 

Herrick.  Microsc.  Entom. 

Lntz,  Untersuch,  ii.  d.  Cladoceren  d.  Umg.  v.  Bern. 
1878. 

Weiimann. 
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I  note  this  cosmopolitan  species,  of  which  a  nearly  complete  biblio- 
graphy is  given  above,  simply  to  mention  that  I  have  recently  found  • 
for  the  first  time  specimens  of  Sida  reaching  the  size  mentioned  by 
P.  E.  Miiller  dVo  cm.) 

In  smaller  pools,  when  present  our  Sida  is  much  (often  i)  smaller, 
and  only  in  L.  Minnetonka  does  the  species  attain  its  ultimate  devel- 
opment. 

Genus  dafhnklla. 
Superior  ramus  of  second  antennae  iii)parently  2-jointed,  narrow; 
post-abdomen  destitute  of  spines. 

DAPHNELI.A  BRACHYrKA  Licviu. 

(Plate  VII,  11-16  ) 

Bibliography. 

Sida  brachyura,  Lievin  Branch,  d   Danziger  Geg 

Daphnella  wingii,  Baird,  Brit.  Entom 

Sida  brachyura,  Lilljeborg,  De  crust,  ex  ord.  trib. 

Diaphanosoma  brand tianum,  Fischer ^  Erganzig,  Berichtig. 

Daphnella  brandtiana,  Sars,  Norges  Ferskv. — Krebsdyr. 

Daphnella  brachyura,  P.  FJ.  Afnller,  Danmark's  Cladocera. 

Daphnella  brachyura,  Lufz,  Untersuchung  ii.   die  Cladoceren    d. 

Umg.  v.  Hern. 

Sida  brachyura,  Pavesi,  Nuova  serie  di  recerche  della  fauna  pelagica 

nei  laghi  italiani,  (L.  Trasimens.) 
(Compare  also  D.  expinosa^  Birge,  Notes  on  Cladocera  p.  3.) 

The  species  of  Daphnella  found  about  Minneapolis,  occasionally 
abundant,  seems  not  to  diflFer  in  any  important  character  from  Euro- 
pean types  of  D,  brachyura  although  I  formerly  regarded  it  as  distinct 
(Z).  winchelli.) 

Head  less  than  one-half  the  body  (about  i^Jq  ci«  while  body  is  ^^ 
cm.  long);  eye  about  i  head;  antennae  when  reflexed  extend  a  little 
beyond  J  the  length  of  body.  Male  iJo  cm.  long;  antennae  reflexed 
reaching  base  of  shell;  anterior  antennae  extremely  long;  copulating 
organs  reaching  nearly  to  end  of  claws.  Having  carefully  compared 
our  specimens  with  the  description  and  figures  given  by  Birge  for  his 
D.  expinosa,  the  evidence  ^eems  to  indicate  not  only  that  they  are 
identical  but  both  are  really  D.  barchyura.  The  distinctive  characters 
of  I),  expinosa  are  a  greater  indentation  between  head  and  body,  ab' 
sence  of  caudal  teeth,  greater  length  of  male  appendages,  and  the 
opening  of  the  vasa  deferentia  in  the  ''instep"  of  these  appendages. 
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The  absence  of  teeth  upon  the  post-abdomen  is  of  even  generic  im- 
portance according  to  Sars,  who  gives  it  in  his  synopsis  of  genera  as 
typical  for  Daphnella.  In  our  specimens  the  claws  are  at  least  pecti- 
nate if  not  serrate,  while  the  appendages  of  the  male  reach  generally 
nearly  to  the  middle  of  the  claws.  The  relative  length  of  these  ap- 
pendages and  the  antennae  of  male  is  variable. 


Tribe  II,  anomopoda. 


DAPHNID-a:. 

Rami  of  antennae  3  and  4-jointed:  feet  of  five  pairs;  intestine  with 
anterior  cceca  not  convolute. 

Genus  moika,  Baird. 

A  transition  between  Siflidce  and  Daphnidat  is  made  through  this 
genus. 

Head  separated  from  the  body  by  a  depression;  macula  nigra  absent; 
antennae  of  female  large,  movable,  of  male  very  long,  curved;  first 
foot  of  male  with  strong  hook;  valves  short,  truncate  behind. 


MOINA  BRACHIATA. 

We  believe  with  P.  E.  Miiller  that  this  and  M.  rertirostris  are  iden- 
tical. The  most  complete  discussion  of  the  merits  of  the  three  species 
(the  above  and  M.  paradoxa)  is  found  in  Weismann's  paper,  Ueber 
einige  neue  oder  unvollkommen  gekannte  Daphuiden,  Griiber  and  Weis- 
mann,  1877,  which  see  for  bibliography  and  elaborate,  not  to  say  la- 
bored, distinctions.  This  species  is  not  common,  but  when  found  (in 
muddy  pools  in  late  summer)  frequently  appears  in  great  numbers. 
For  embryology  see  Grobben,  Entwicklungsgeschichte  der  Moina 
rectirostris. 

Genus  daphkia. 

This  genus  as  limited  by  MuUer  is  well  distinguished  f^om  the  re- 
maining genera  of  the  family— Simoc^pAa/u^,  Seapholeberis,  Ceriodaphma 
and  Moina. 

As  remarked  by  Birge^  this  is  not  the  typical  representative  of  the 
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group  but  is  a  very  divergent  member  of  it,  worthy,  probably,  of  form- 
ing a  distinct  section  or  sub-family.  The  most  remarkable  feature  is 
one  which  appears  in  a  comparatively  early  embryonic  period  and,  in 
some  cases,  nearly  disappears  in  later  life  Thi*  is  the  development  of 
a  long  spine  from  the  dorsal,  posterior  end  of  the  shell.  This  is  the 
real  diagnostic  test  and  has  not  yet  been  incorporated  into  the  defini- 
tion of  the  genus  The  occurrence  of  a  crista  is  more  variable  ap- 
parently, but  may  be  of  some  importance. 

The  following  is  suggested  as  a  revision  of  the  diagnosis : 

Shell  more  or  less  oval  or  sub-quadrate  and  reticulate ;  head  rounded 
anteriorly,  but  sometimes  with  a  crest,  prolonged  below  into  a  beak 
which  is  truncate  posteriorly  and  bears  the  antennae  near  the  apex; 
upper  dorsal  corner. of  shell  in  young  of  both  sexes  and  mature  males 
prolonged  into  a  long  spine;  the  macula  nigra  is  present  but  not 
always  pigmented;  the  post-abdomen  spined  behind;  opening  of  rectum 
at  the  end. 

The  fe^nale  with  two  age-forms  (hetcrogenetic  and  dimorphic) ;  the 
second  form  frequently  scarcely  spined;  antennae  small,  not  movable, 
furnished  with  sense-hairs;  ephippium  with  two  ova,  separable  from 
remainder  of  shell  along  the  latero-median  suture;  the  brood-cavity 
closed  by  more  than  two  unequal  processes  of  the  abdomen. 

Male  with  long  movable  (almost  two-jointed)  antennae  furnished 
with  prehensile  stylus;  first  foot  bearing  a  curved  claw;  swimming  an- 
tennae very  long;  vas  deferens  opening  at  the  end  of  post-abdomen. 
Embryo  with  second  antennae  palpate;  a  curved  appendage  to  shell 
which  becomes  the  spine  of  adult. 

DAPHNIA  PULBX. 

This  species  is  mentioned  here  simply  to  remark  concerning  Z>. 
pulex,  var  denticulata  of  Birge,  (Notes  on  Cladocera,  p.  11,  plate  I,  fig. 
11,)  that  the  European  as  well  as  all  the  American  specimens  of  D. 
pulex,  have  a  fine  series  of  spines  on  the  claws  of  the  post-abdomen. 
A  glance  at  Tafel  XII,  fig.  39,  of  the  Zeitschrift  fiir  Wiss.  Zo6l.  Bd- 
XXXIII,  with  Weismann's  plate  of  the  end  of  the  abdomen  of  this 
species,  is  sufficient  evidence  of  this  fact,  though  as  the  animal  is  a 
male  and  quite  young,  the  spines  are  less  evident;  moreover  the 
number  of  caudal  teeth  is  known  to  be  variable  with  age.  Some 
other  peculiarity  must  be  found  to  give  this  varietal  distinction 
validity. 
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DAPHNIA   Sp*? 

(Plate  X,  figs.  15-16). 

From  a  cold  marsh  a  gathering  in  June,  1882,  contained  several  fe. 
males  like  that  represented  by  fig.  16.  They  were  far  from  being 
abundant,  however,  and  the  pool  contained  no  other  Daphnia  showing 
that  it  was  unfavorable  to  the  growth  of  these  animals. 

These  females  diflFer  from  D.  pulex  chiefly  in  their  small  size,  dw  cm.) 
being  the  smallest  Daphnia  seen  with  an  evidently  mature  appearance. 
The  caudal  spine  is  sickle-shaped;  post-abdomen  as  in  pulex;  antennae 
short;  the  animal  beautifully  clear  and  varigated  by  the  brilliant  con- 
tents of  ovary,  eggs  and  intestine.  I  hesitate  to  regard  it  as  a  destinct 
species. 

Figure  15  represents  a  single  specimen  of  Daphnia  found  with  the 
above  which  was  somewhat  injured  during  its  moult.  This  resembles 
Z),  apicata,  Kurz.  and  Z>.  peUuctdoj  Miiller,  and  is  perhaps  the  male  of 
the  species  represented  by  fig.  16.  Our  knowledge  of  the  variations 
induced  by  environment  is  yet  too  meager  to  draw  up  definitions  of 
species  with  certainty  from  a  single  gathering,  but  these  forms  are  pe- 
culiarly interesting. 

See  also  the  accompanying  figure,  (fig.  4,).  These  forms  merit  closer 
study. 


Fig.  i.    Daphnia  longispina  (numbered  1)  etc. 
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scAPHOLEBERis,  Schodler. 

In  a  former  paper  S.  mucronata  was  reported  from  this  locality  with 
the  remark  that  ouly  the  unhorned  variety  seems  to  occur  here.  A 
rather  diligent  search  has  failed  to  find  var.  fronte  camutOy  though  ou^ 
waters  have  been  carefully  searched  at  intervals  for  several  years  and 
at  different  seasons  Birge  quotes  only  this  variety.  However,  the 
species  is  not  common  and  the  other  form  may  yet  be  discovered. 
See  Fig.  5. 


♦ 


16 


Fig.5.\|Sc(i|ilio'*>i«  mimvmCi. 
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A  second  variety  or  species  has  been  found  which  difiers  somewhat 
from  typical  mucronata,  but  does  not  appear  to  be  nasuta  of  Birge.  Is 
not  the  latter  a  variety  simply  ? 


SCAPHOLEBBKIS   ARM  ATA   Var.  ?  nOV. 

Length  ,  2 « - 1 S 7,  ^^'  l  much  as  jS-  mucronata  in  form ;  but  the  spines  are 
greatly  elongated  in  old  as  well  as  young  individuals;  and  in  individuals 
having  winter  as  well  as  summer  eggs,  though  the  winter  form  seems 
to  have  longer  spines  which  are  nearly  equal  in  some  cases  to  the 
hight.  Antenuie  are  short  and  transparent.  The  head  is  separated 
from  the  body  by  a  marked  depression ;  but  is  curved  forward  so  that 
the  beak  lies  generally  between  the  valves.  The  antennules  are  of 
medium  size.  Nowhere  reticulate  ( "?)  nor  tuberculate.  The  shell  is 
marked  by  impressed  lines,  especially  anteriorly  and  below.  The  lower 
margin  is  straight  and  beaded  anteriorly,  but  toward  the  base  of  the 
muci'O  are  several  long  bristles  which  stop  abruptly  and  are  followed  by 
a  few  very  weak  hairs.  The  post-abdomen  has  three  teeth  at  the  base 
of  the  claws,  which  are  smooth. 

This  variety  is  much  like  N.  nasuta  of  Birge,  perhaps,  but  difters  i>er- 
ceptably  in  several  points.  Most  conspicuous  are  the  greatly  elongated 
spines  and  the  short  antennae.  This  variety  is  about  as  large  as 
mucronata  but  less  than  nasuta. 


BOSMINID-ffi. 


Genus  bosmina. 


First  autennse  many -jointed;  intestine  straight.  Sole  genus  of  the 
family,  and  one  which  Kurz  characterizes  as  '*  one  of  the  most  difficult 
of  the  genera  of  Cladocera.** 

There  are  three  species  known  in  the  United  States,  two  of  which 
are  found  from  the  Eastern  States  to  the  Mississippi  and  westward,  and 
are  'identical  with  European  forms.     The  third  ma}'  not  prove  distinct. 

BOSMIKA   LONGIROSTKIS. 

(Plate  X,  fig.  2.) 

Differs  from  the  following  in  having  the  terminal  claws  not  toothed^ 
and  from  B,  striata  in  the  shorter  antennse  and  reticulate  shell. 
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B08MIKA  CORKUTA. 

(Plate  IX,  figs.  3-5.) 

^Jo  CDi.  long;  shell  reticulate  with  hexagonal  meshes;  antennae 
curved  backward  and  outward  at  the  tip;  claws  with  several  teeth  near 
the  base.     In  embryonic  specimens  the  antennae  are  straight. 


BOSICINA   STRIATA,    Sp.    n. 

(Plate  IX,  fig.  1). 

ill^j  cm.  long;  shell  marked  with  anastomosing  longitudinal  striae; 
antennae  very  long;  frontal  seta  about  midway  between  eye  and  the 
sense-hairs  of  the  antennae :  posterior  inferior  angle  of  shell  spined  as 
in  the  previous  species. 

The  species  resembles  B.  fnaritima  greatly.  The  members  of  this 
genus  have  been  little  studied  owing  to  their  small  size  and  compara- 
tive rarity,  and  it  is  even  possible  that  some  of  the  species  will  prove 
invalid- 
All  three  of  the  above  species  were  found  in  one  gathering  from 
Lake  Minnetonka.  Only  one  other  locality  (for  B.  longirostris)  is  known 
to  me  in  this  State. 


LYNCODAPHNID-ffi. 


Genus  Macrothrix. 

Aside  from  M.  roseus  and  ^f.  tenuicornis  (to  which,  perhaps,  Jf.  agilis 
of  a  previous  report  may  be  referred)  a  single  species  of  macrothroid 
crustacean  was  collected  at  Lake  Minnetonka,  which  is  very  remarka- 
ble. The  specimen  was  apparently  somewhat  injured  in  moulting,  and  it 
is  not  possible  to  tell  how  much  of  its  peculiar  shape  may  be  due  to  this 
fact,  but  some  of  its  characters  are  sufficient  evidence  that  it  consti- 
tutes at  least  a  new  ^ecies. 

It  resembles  in  outline  Simocephalus  vetulus;  the  antennae  are  very 
narrow  and  curved  in  a  lateral  as  well  as  posterior  direction;  the 
second  or  swimming-antennae  are  long  as  in  other  members  of  the 
genus;  mcinila  nigra  present  but  small;  eye  small;  post-abdomen 
short,  triangular;  claws  pectinate;    a  dorsal  sucking-disc  is  present; 
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length  ,'Ji  cm.     For  this  species  the  name  kacrothbix  pauper  is  pro 
lally  offered.     (Plate  VIII,  fig.  1.) 


(FiQ.  6.) 


UACROTHRIZ  TENUICOBNIS,  Eurz. 

(Fig.  6.) 

The  description  given  by  Kurz  is  very  full  and  agrees  very  well.  The 
peculiar  arrangement  of  the  movable  spines  at  the  margin  of  the 
valves  is  characteristic.  I  have  observed  that  this  species  forms  an 
ephipjiium.  Miiller  says  destinctly  of  the  series  of  genera  including 
Macrothrix,  Drepanothrix,  Lathonura,  Bostnina,  Acantholebrix  and 
llmryptus,  "  Ttstof  ahjeclcB  corporis,  nullo  pphippio,  ova  hibema 
cbtegunt." 

Bosmina  is  little  related  to  the  Lt/ncodaphnida  and,  hovcever  it  may 
be  with  regard  to  other  species,  in  M.  ienuitornis  an  evident  ephippium 
is  formed  in  much  the  same  way  as  in  Ceriodaphnia.  In  Dapknta  this 
egg-cover  is  produced  by  an  alteration  of  part  of  the  inner  layer  of 
the  shell  which  becomes  turgid  and  secretes  a  thick  coating.  The 
ephippium  simply  extends  over  the  brood-cavity,  being  marked  off 
from  the  rest  ef  the  shell  by  the  median  suture  of  the  valves.  In 
other  Daphnidm  and  in  Macrofhrix  nearly  the  whole  of  the  valves  are 
thus  modified.  The  shell  of  .V.  teituicomis  is  normally  smooth,  but  in 
the  ephippial    female,  that   portion  of  the  inner  layer  of  the  shell 
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bordering  the  egg-cavity  and  a  little  beyond,  is  composed  of  large  and 
very  deep  cells;  the  space  between  the  outer  and  inner  layers  is  much 
greater  than  in  Daphnia. 

Genus  lathonura. 

Although  no  species  of  this  genus  has  been  found  in  Minnesota,  it 
is  to  be  expected  that  it  will  eventually  be  discovered  that  the 
cosmopolite  L,  rfctirostris,  Miill.  occurs  in  our  limits.  It  occurs  in 
Mass.  according  to  Birge.  The  figures  (Plate  VIII,  figs.  11-12) 
were  drawn  from  specimens  found  in  Leipzig,  Saxony,  illustrating  a 
tendency,  especially  common  in  the  Lyncodaphindip,  to  abnormal 
growth  of  the  spinous  appendages — in  this  case  the  anal  setae. 


Genus  iliocryptus. 

A  genus  represented  bj'  a  single  European  species.  Our  form  may 
differ  somewhat  in  some  respects  from  the  generic  diagnosis,  but 
certainly  belongs  here.  There  are  no  anterior  coDca  (as  indeed  there 
are  probably  not  in  the  European  /.  sordidus  though  so  stated  by 
Miiller,)  and  no  permanent  cwcum  or  dilation  of  the  intestine  before 
the  rectum.  The  marginal  spines  are  straight,  long  and  movable  with- 
out l>ranches. 


ILIOCRYPTL'S   SPINIFER   Sp.  UOV. 

(Plate  VIII,  figs.  2-6.) 

Short;  depth  nearly  equaling  length  of  body  excluding  head;  rounded 
behind;  free  edges  of  valves  beset  with  slender  ciliate  spines  which  are 
not  branched;  antenna?  exactly  as  those  of  /.  sordid  us,  as  is  the  ix>st- 
abdomen,  save  that  the  anus  seems  to  be  situated  higher;  ova  three  or 
more. 

This  species  occurs  in  Silver  lake,  east  of  Minneapolis.  It  swims 
quite  well,  while  of  the  European  species  it  is  said  this  is  not  the  case. 
It  does,  however,  frequently  load  itself  with  filth  so  as  to  be  too  heavy 
to  swim  f reel  v. 
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LYNCODAPHKIA,    GeU.   11. 

(Plate  IX,  figs.  1-3.) 

Form  much  as  is  species  of  Alonel/a,  etc.,  truncate  behind;  superior 
antennae  like  Mucrothrix,  attached  movably  to  the  end  of  a  blunt 
prominence  beneath  the  head;  second  or  swimming  antennae  slender; 
four-jointed  ramus  with  three  long  setae  at  the  end  of  terminal  joint 
where  is  also  a  stout  spine;  joint  following  the  basal  joint  also  with  a 
spin^  above;  middle  joint  unarmed  (?);  three-jointed  ramus  as  in  Ma- 
crothrix;  the  basal  segment  armed  with  a  much  elongated  seta;  eye  rel- 
atively small;  pigment  fleck  present;  intestine  twice-convolutedy  ex- 
panded in  front  of  colon,  opening  in  the  ^'heel'*  of  the  post-abdomen, 
post-abdomen  slender,  sub-triangular,  margined  behind  with  a  double 
series  of  spines;  terminal  claws  large,  straightish  and  furnished  with 
a  Umg  and  short  spine  near  the  base,  also  very  minutely  feathered  be- 
hind; shell  marked  alone  by  the  so-called  **stuzbalkein;"  lower  margin 
with  movable  spines. 

Few  more  interesting  forms  have  been  noticed  than  this,  since  it 
combines  the  characters  which  have  hitherto  been  considered  as  very 
clearlv  forming:  the  boundaries  of  distinct  families. 

Kurz  says,  (Dodrkas  neuer  Cladoceren  nebst  einer  kurzen  Ueberaicht  tier 
Cladocerenfuuna  Bohmens,  p.  30:)  "Keiue  Cladocerenfamilie  bildet  eine 
so  streiig  in  sich  abgegrenztes  natiirliches  gauze,  wie  eben  die  Lyn- 
ceiden/'  and  this  even  after  recognizing  the  relationship  of  Macrothrix 
SkiiA  L  fthonura  to  theLynceids  by  placing  them  in  the  sub-family  Lt/n- 
oodaphnur.  The  form  for  which  I  propose  the  name  Lyncodaphnia  is 
quite  as  much  like  such  forms  as  Aloni  and  related  Lynceids,  as  any 
species  of  the  Lijuroiaphnince,  while  at  the  same  time  the  characters  of 
antenn{«  and  h^ad  are  almost  identical  with  Macrothrix,  This  furnishes 
but  another  example  of  the  fact  that  possibility  of  distinguishing 
families  and  genera  lies  alone  in  the  meagerness  of  our  knowledge. 

LYNCODAPHNIA  MACROTHROIDES,  Sp.  U. 

Form  sub-rectangular,  greatly  elongated;  length  ,*„*„  cm.,  hight 
1 5o  <i™*  or  less;  first  antennae  long  and  slightly  curved,  bordered  be- 
hind by  about  ten  spines  and  terminating  in  two  unequal  sword-shaped 
spines  and  several  sense-hairs,  about  Yoilo  cm.  long;  swimming  an- 
tennas very  slender  as  in  Macrothrix^  ,  J^  cm.  long;  head  not  marked 
oflF  by  a  depression  from  the  body,  small  and  extending  below  into  a 
blunt  elevation  for  attachment  of  antennae;   labrum  rather  large;  eye 
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small;  macula  nigra  conspicuous  but  not  large ;  anterior  feet  strongly 
armed  with  curved  spines.  The  intestine  anteriorly  is  famished  with 
coeca,  is  twice  convoluted,  broadened  before  entering  the  rectum  and 
opens  a  little  distance  beyond  the  oval  seta  in  the  heel  of  the  post-ab- 
domen; post-abdomen  rather  slender,  toothed  behind  with  a  double 
series  of  about  twelve  prominences,  becoming  distally  sharp,  strong 
teeth;  terminal  claws  curved  at  the  end  only,  pectinate  and  bearing 
two  unequal  but  large  processes  near  the  base;  eggs  much  like  those 
of  Macrothf-ix, 
Occurs  in  Lake  Minnetonka,- Hennepin  Co.,  Minnesota,  rare. 


LYNCEID-ffi. 

4 

But  few  of  this  large  family,  furnishing  the  majority  of  the.Clado. 
cera  fauna  of  any  locality  and  at  any  time  of  year,  have  been  carefully 
studied  here.      The  following  are  mentioned  as  of  particular  interest: 


SUB-FAMILY  EURYCERCIN^. 

The  single  species  Euryvercus  lamellatus  "which  constitutes  this  sub- 
family has  been  mentioned  and  figured  in  a  previous  paper.  It  is  quite 
abundant  and  constant. 

Eurycercus  is  connected  with  the  true  Lynceids  by  the  following 
genus  which  has  quite  as  many  aflSnities  with  Eurycercus  as  any  Lyn- 
ceid.  Schodler  seems  to  be  the  only  writer  who  has  laid  sufficient 
stress  upon  this  similarity,  though  it  may  not  be  best  to  unite  the  two 
forms  as  he  did. 


(Jenus  Leydigia,  Kurz. 

LEYDIGIA    QUADRAKGULARIS,    Leydig. 

(Plate  VIII,  7-8.) 

The  Minnesota  species  is  referred  to  L,  quadrangularii  under  the  be- 
lief that  there  is  no  specific  distinction  between  that  species  and  L. 
acanthoceroides,  Fischer. 

Our  form  does  not  agree  in  every  particular  with  the  very  minute 
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description  of  Kurz  and  does  agree  very  well  with  what  is  said  of  L. 
acanthocercoides.  However,  Kurz  says  of  the  latter  species,  "Diese  Art 
is  von  der  vorangehenden  (L.  acantliocercoides)  im  weiblichen  Gesch- 
lecht  schwierig  zu  imterscheiden/'  and  immediately  adds  that  the  male 
is  unknown  to  him.  In  P.  E.  Miiller's  time  both  males  were 
unknown.  Miiller  says  of  acanthocercoides^  **  ungues  caudales 
inermes,"  of  quadrangularis,  ''ungues  caudales  dente  minuto."  Kurz  on 
the  other  hand  says  of  the  former,  **der  Basaldorn  ist  kurz,''  of  the 
latter  **die  Endklauen  haben  keinen  Basaldorn.'* 

Our  species  has  no  spine  on  the  claws,  and  has  a  small  spine  on  an 
eminence  on  the  dorsal  part  of  the  abdomen,  as  well  as  two  ciliated 
prominences  between    it  and  the  oval  setae;  length  ,%  cm. ;  color  red. 

Silver  Lake,  east  of  Minneapolis. 

CAMPTOCERCUS   MACROUEI7S. 

(Plate  X,  fig.  9.) 

This  large  species  occurs  rather  sparingly  at  Lake  Minnetonka.  It 
is  probably  widely  distributed  in  America  as  well  as  Europe.  It  is 
known  in  Cambridge,  Mass.  and  Madison,  Wis.     (Birge). 


CAMPTOCBBCUS   R0TUNDU8,    Sp.    nOV. 

(Plate  VIII,  figs.  9-10.) 

Short,  quadrangular,  dorsally  nearly  uniformly  arched;  antennae  of 
first  pair  long,  curved  outward,  with  long  terminal  bristles;  abdomen 
long,  nearly  uniform  in  width;  teeth  of  post- abdomen  few,  inconspicu- 
ous; terminal  claw  nearly  straight;  basal  spine  large;  the  claw  also  has 
a  series  of  spines  be-ginning  a  little  beyond  the  middle  and  shortening 
proximally;  length  ^  Jo  cm.  This  resembles  C  rectirostris,  Schodler,  a 
little  in  outline  of  body  but  the  head  is  like  C,  inacrounis,  except  that 
there  is  a  slight  beak  directed  anteriorly  (not  shown  in  the  figure);  the 
post-abdomen  is  much  as  in  C.  macrouruSy  but  is  less  heavily  spined. 
In  size  it  is  somewhat  less  than  C  UUjeborgii,  and  the  shortest  species 
known  to  me. 

ACROPBRus  sp  ? 
(Plate  X,  fig.  10.) 

Resembles  Camptocercus  macrourus  greatly.  Are  these  two  genera 
really  distinct? 
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PLEUROXis  PROCURVus,  Birge. 
(Plate  X,  fig.  6  ) 

Very   characteristic.     Found  in   Shady   Oak   lake,   and   elsewhere 
abundant. 


PLEUROXIS  UNiDENS,  Birge. 

A  species  which  agrees  best  with  this  is  quite  abundant.  It  is,  how- 
ever, always  of  a  deep  brownish  color,  and  the  beak  is  long  and  curved 
inward;  it  may  be  distinct. 

A  third  form  of  Pleuroxls,  probably  P.  denticulatus,  Birge,  is  abund- 
ant also. 


GRAPTOLEBRIS   IXERMIS,  Birge. 

(Plate  X,  figs.  8,  11-12.) 

Resembles  Alona  testudinaria  very  closely;  the  antennae  are  peculiar; 
each  joint  has  a  median  circlet  of  fine  bristles;  the  upper  ramus  is  ter- 
minated by  two  long  setae,  one  shorter  seta  and  a  stout  spine ;  the  joint 
preceding  the  terminal  one  has  a  stout  seta.  The  description  given 
by  Birge  is  otherwise  complete.     Lake  Minnetonka. 


CREPIDOCERCUS  SETIQER,  Birge.  " 

This  is  exceedingly  rare,  and  by  reason  of  its  small  size,  difficult  to 
distinguish.  It  has  been  encountered  but  once  in  Minnesota.  This 
species  is  easily  recognized  when  found,  and  though  our  specimens 
differ  a  little  from  the  figure  given  by  Birge,  they  are  doubtless  the 
same. 

ALONA    OBLONGA,  P.   E.  Milller. 

The  specimens  examined  differ  somewhat  from  Miiller's  description. 
The  caudal  claw  is  pectinate ;  the  spine  at  its  base  is  large  and  covered 
with  a  tuft  of  hairs;  the  teeth  of  post-abdomen  are  large,  emarginata 
and  hairy;  otherwise  the  agreement  is  very  close;  length  .07  cm. 
Found  m  Grass  Lake,  Richfield. 
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TRIBE   III    ONYCHOPODA. 

POLYPHEAIID-ffi. 

POLYPHEMUS    PEDICULUS. 

(Plate  IX,  figs.  4-6.) 
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I  have  collected  from  various  sources  what  I  could  of  the  extensive 
bibliography  of  this,  the  sole  species  of  the  genus.  One  of  the  most 
characteristic  and  pleasing  figures  given  is  that  of  Weismann  in  his 
article  on  the  **  Schmuckfarben  der  Daphnoiden,"  though  we  believe 
that  author  in  the  wrong  in  the  deductions  made.  Our  specimens  rarely 
approach  the  brilliancy  of  the  plate,  and  there  seems  to  be  a  more  le- 
gitimate way  of  explaining  these  secondary  colors  than  by  sexual 
selection.  This  species  is  never  abuudant,  nor  is  it  very  rare ;  found 
in  Lake  Minnetonka,  and  the  larger  lakes  with  their  outlets. 


Ill  On  NoUulromas  and  Cambarus. 

CYPRID-ffi. 

This  group  is  one  of  the  most  difficult  and  i>erhaps  least  studied.  A 
number  of  species  some  of  which,  perhaps  most,  are  new,  occur  in  Min- 
nesota, and  among  them  is  a  Ctjpris  which  exceeds  any  described  form 
in  size.     I  only  mention  one  genus  which  is  cosmopolitan. 

NOTADROMAS,  Lilljcborg. 

Carapace  dififering  in  male  and  female;  eyes  two;  antennae  similar  to 
those  of  Cypris,  the  superior  having  seven  and  the  inferior  six  joints; 
setae  of  inferior  antennae  reaching  beyond  the  apex  of  the  terminal 
claws;  second  pair  of  jaws  without  a  branched  appendage,  in  the  male 
pediform;  abdominal  rami  rather  long. 

NOTADROMAS  ifONACHUS,  Miiller. 

Bibliography. 
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Notodromas  monachus,  IJIljeborg,  De  Crust,  ex  ord.  trib. 

Brady,  British  Ostracoda. 

Females  of  this  widely  distributed  species  were  collected  near  Min. 
neapolis,  presenting  in  as  far  as  could  be  seen  no  material  points  of  dis- 
tinction from  English  types. 
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DECAPODA. 

But  two  species  of  Cambarus,  C.  virilis.  Hagen,  and  C.  signifeTy 
occur  in  Hennepin  county,  except,  perhaps,  in  the  Mississippi.  The 
following  localities  for  the  former  species  are  known  in  the  State: 
Mississippi  river,  Minnehaha  creek,  Bassett's  creek.  Cedar  lake,  Lake 
Minnetonka,  Lake  Independence,  Lake  Superior. 

It  is  possible  to  recognize  three  age-forms  in  the  males  of  this  species. 

A.  The  immature  male  (II  Form,  Hagen).  Reaching  two  to  three 
inches  in  length,  this  stage  has  the  chclaB  proportionally  smaller,  and 
the  spinous  armature  less  developed:  the  first  abdominal  foot  is  simply 
bifid  at  the  end. 

B.  (Form  I  of  Hagen,)  usually  over  two  and  one-half  inches  long; 
chelae  larger;  branches  of  abdominal  foot  destinct;  inner  branch 
grooved  but  lance -linear. 

C.  Very  large  (four  inches);  inner  branch  of  abdominal  foot  spatu". 
late  at  end;  the  two  rows  of  tubercles  on  the  inner  margin  of  the 
"  hand  *'  with  six  or  seven  in  a  row  instead  of  five. 

Male  of  Fonn  II,  A  stage,  2^  in.  long,  Chela.  7  in.,  thumb   .49  in. 

I,  B  stage,  2i  in.  long,      **      1  in.,       **       ,6  in. 
I,  C  stage,  4    in.  long,      **    1.8  in.,      **     1.1  in. 
II,  A  stage,  3    in.  long,      **     1.2  in.,       **     .75  in. 
It  will  be  seen  from  the  above  that  size  does  not  govern  the  transi- 
tion from  the  first  to  the  second  form  entirely.      This  differs  either  in 
different  localities  or  at  different  seasons  of  the  year.     A  large  gather- 
ing from  Cedar  lake  showed  no  specimens  of  the  form  I,  while  a 
similar  gathering  at  Lake  Independence  contained  but  one  of  the  form 
IL     A  male  from  Minnehaha  creek  had  rudiments  of  a  third  tooth  on 
the  carpus  of  the  left  claw,  thus  indicating  an  approach  to  Hagen 's 
Var  A. 

CAMBARUS  SIGNIFER  sp.  nOV. 

(Fig.  7.) 

A  slender,  graceful  species  of  rather  marked  colors,  belonging  to  the 
section  having  a  hook  on  the  third  pair  of  legs  but  not  on  the  fourth. 
The  rostrum  is  not  carinated  nor  toothed  at  the  aj^ex;  acumen  moder- 
ate, lateral  borders  curved,  moderately  excavated.  Cephalothorax 
arched  and  not  depressed  above,  densely  punctate:  areola  linear; 
chelae  slender,  straight;  thumb  deeply  ♦excavated  on  the  inner  margin 
for  the  proximal  one-third:  opposite  finger  with  an  impressed  groove  on 
the  inner  but  not  on  the  outer  margin. 
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Male,  I  Forui.  Color  reddish-(crimaon)  brown,  not  obviously  fig- 
nred:  tail  ligbter;  tin  chestnut,  marked  witb  gray:  chelse  bright,  criiu' 
son  below  there  are  green  markings  on  the  body  and  legs,  and  some 
yellow  below. 

The  bonds  are  rather  narrow  and  straight,  while  the  "thumb"  is 
deeply  excavated  for  one-third  its  length,  and  the  notch  thus  formed  ia 
armed  with  three  or  four  teeth;  the  finger  opposite  has  a  tooth  half 
way  from  the  apex,  and  others  near  the  base;  the  ange  at  base  of  thumb 
is  densely  hairy.  The  peuultimate  aiid  previous  joint  of  second  foot 
bears  a  very  dense  and  thick  tuft  of  hairs  on  the  inner  margin  which  it 
particularly  noticeable  in  hving  specimens.  The  antennse  are  short 
about  as  long  as  the  thorax  when  reflexed. 

The  first  pair  of  abdominal  feet  resemble  those  of  C.  viriUs  some- 
what, but  are  stouter  and  less  divided.  They  are  more  strongly  curved 
than  in  C.  propinquus. 

The  laminffi  of  antennie  are  much  as  in  C.  troglodyles  but  wider  at 
the  base. 

The  second  form  has  the  two  branches  of  the  abdominal  foot  united 
almost  to  the  end.  The  young  males  hiive  the  chelse  greenish-blue  and 
mottled,  while  the  coloration  of  the  body  is  like  the  females. 

The  females  have  sliorter  clielse,  and  broader  abdomen  marked  with 
chestnut  bars  on  each  segment  above. 

A  male  3.3  in.  long  was  still  in  form  II,  while  another  3.2  in.  long 
was  in  the  form  I.  Found  by  hundreds  in  a  shallow  pool  known  as 
firass  Lake,  in  Richfield,  Hen.  Co. 


Fig.  7. 
CambaruB  stgnifar. 
a  chela,     b  lamina  of  antenns.     e  rostrum. 
form  II.     e  abdominaV  foot  o^  ?oiifi\. 
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Page  42.  Third  line — for  MwihtUh^  read  Sawteeth. 

56.  Twelfth  line — for  tttbeSy  read  talus. 
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67.  Seventeenth  line— for  vein,  read  rim, 

89.  Twelfth  line— for  land,  read  hand. 
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eepTuiliUs  minor  8hu.f 

133.  Twenty-sixth  line— for  canapicuoui,  read  calcKerous. 

134.  Fiftiriine  from  the  bottom — for  Sendroffraptus,  read  I>&ndrograptu$ 
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175.  Sixth  line— after  p.  417,  add  in  1871. 
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PLATE  I. 

Sketch  Map  of  the  (Jantx'-trail  fmm  Ogishkc  Muncie  LaUv  to  ihc  mouth  itf  Pi.>p]:ir 
river. 

Hnute  ofN.  11.  Winehell  iu  1«79. 


tinitrgual  €uvl  Maiarfr}  Butirff  JAirtf^  a^JtfnuHptn  . 


PLATE  11. 

Sketch  Map  of  the  Iron  trail  for  Canoes  from  Grand  Mariis  to  Iron  Lake. 

Ro^ie  of  N.  H,  Winehdl  in  1^79. 


PLATE  III. 

Sketch  Map  of  Isle  Hoyale 

To  iUuttrate  note»  on  the  Geology  by  N.  11.  WincJuU  in  1879. 


PLATE  I. 

DiaptamuM  coMtar, 

[  1.     Male,  aateniuB  not  yet  fully  deyeloped,  showing  shell,  gland,  heart,  reproduct< 

ive,  alimentaiy  and  muscular  systems. 
2.    Female,  antennae  and  appendages  removed  except  fifth  feet. 
3  and  4.    Nauplius  stage. 
§.    Male  foot  of  fifth  pair,  (a)  **  thumb  "  of  larger  branch. 

6.  Female  foot^of  fifth  pair. 

7.  Mouth  parts  etc. 
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PLATE  II. 


1      End  of  male  antennffi. 


3. 
4. 
5. 
6. 


DiaptomuA  castor. 

2.     End  ot  aMomen. 
DhipioniuB  giganieu». 

S.     Antenuulc. 
i».     Male  fifth  f(X)t. 

10.  Female  fifth  fool. 

11.  Spermatic  tube. 


12. 

13 

14. 

15. 

16. 


('Auddl  stylet. 

One  p  »ir  of  feet. 

Mnxilliped. 

MaxDIa. 

Mandilile  and  palp. 

Potomoichetor  fueosta 
Female  fifth  foot. 
Female  abdomen  and  egg-sao. 
Abdomen  of  young. 
First  foot  of  Diaptomus  giganUm^  one  branch  drawn  reverse. 
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castor^ 
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it 


MINNESOTA     CRUSTACEA. 


JO*^  Annual  Seport 


PLATE    n. 


CMdXaAJ/iitSuf.  Mnn. 


PLATE  m. 

PoUmuriehetor  fueasut. 

1.  Male.  6.  Palp  of  mandible. 

2.  Antenniile.  6.  End  of  abdomen. 
3»  Maxillipcd.  7.  Feet  of  first  pair. 
4.  Male  fiftli  pair  of  feet.  8.  £jre. 

CydopB  ater, 

9.    Female  12.     Antenna. 

10.  Abdomen.  13.    Maxilla  of  Potomaiehstor  fueotui. 

11.  Maziliiped.  14.    Mandible  of  '•  " 
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MrNNESOTA     CRUSTACEA. 


lO^AnmuaHiport 


PLATE    ni. 


GtdANaUlistSur.  Mum^ 


PLATE  IV. 

Oydaps  infjenn. 

1.  First  segment  of  abdomen  of  female.  ;"5.  Stylets  of  msitiirc  female. 

2.  Antenna.  ■     <>.  '*        young  male. 

3.  Fifth  foot.  7.  MaxiJIiped. 

4.  Antenna  of  young  male.  S.  Mandible. 

0.     Cyclops  crasneornis.  Female. 

10.  Antenna.  13.     Second  antenna. 

11.  TerminMl  portion  of  alniomcn.  14.     Nauplius  form. 

12.  Female  fifth  foot. 


MINNESOTA.    CRUSTACEA. 


PLATE  V. 

Cydopi  serrulattu. 

1.  Female.  4.    Antenna  of  very  young. 

2.  Antenna  of  elongated  form.  5.     Stylet  of  elongated  form. 

3.  Stylet  of  ordinary  form. 

6.     Cydops  navus,  antenna. 

7.  Furca.  11.    FifiU  foot. 

8.  Abdomen  of  young.  12.    Antenna  of  young. 

9.  Abdomen  of  male.  13.  *'  male. 
10.    Opening  of  spermatopbore. 

14     C.  **  aignaius,^^  mazillipBd. 

15.  O.  navtt$t  swimming  foot  of  first  pair. 

16.  **  *•  **         second  pair. 

17.  Maxillipeds. 
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W^AmtuU  Report  FLATK     1'.  f^aJ  ^  X-if  Ui^l  Sai- Miir, 
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PLATE  VI. 


1.  Femiile. 

2.  Mandible 

3.  Maxillse. 

4.  Stylet. 

8.  Abdomen. 

9.  Antenna. 

12.  Abdomen. 

1.').  Antenna 

1  .  Fifth  foot. 

15.  Opening  of  spennatophorc. 

16.  Abdomen. 

17.  Foot. 

IS.  Female  antenna. 


Cydopi  t&nuiearnif. 

5.  Fifth  foot. 

6.  Maifillipeds. 

7.  Antcnnule. 

10.  Fifth  foot. 

11.  Male  antenna. 
Oyeiopt  pareiu. 


Ci/ck>pi  (idoUteens. 

19.  Eye. 

20.  Mule  antenna. 

21.    End  of  antenna  of  a  form  of  0.  *^  signatu$.'^ 
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PLATE    VI. 


Oa/ANat.mstS'ir.  if- 
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PLATE  YII. 

1-9.     Cydops  fluvialitis. 
3.     Antenna  of  young.       4.     Abdomen  of  young.        10.    'Yown^  oi  C.  serrulatus. 

11.  DaphneUa  biachyuray  female.  14.     Va\{\  of  male  abdomen. 

12.  "  •'  mule.  15.     End  of  femiile  abdomen. 

13.  Part  of  edixe  ot  valves.  111.     Anieunaof  male. 


MtNNESOTA     CRUSTACEA. 

in<'- Aiantat  Rfpnrt  PLATE    VII.  Geold NM  HiiU  Sur  i!^! 


PLATE  Vni. 


1.  Maerothrix  pauper, 
2-6.  Ilioerypht*  ipinifer. 
7-8.     fAydigia  quadranguiarti 


11-12.  LaOurnvra  rrdirottrit. 
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lO'^Aimiud  Itfpoil 


PLATK  VIU. 


(kAANatm^Sur.  Jfam. 


PLATE  IX. 

1-3.     Jjifneodaphnia  inacrothraidw.  4-6.     Polyphemu%  pedicului 


MINNESOTA     CRUSTACEA. 


PLATE    IX.. 


GeBidXOJ/uiAir  l&tn. 


PLATK  X. 

1. 

Botmina  itriaia.     - 

8.        Oraptolebris  inermis. 

2. 

"        UmgiroHrii. 

10.        Acroperus  spf 

3-5. 

"        eornuta. 

11-12.  Graptolebru  trurmis. 

6-7. 

Pleuroxii  proeurvaius. 

MINNESOTA     CRUSTACEA. 


PLATE  XI 


1 .  LimneUs  sp  ?  male. 

2.  First  foot  of  male. 

3.  Antenna. 

4.  Mandible. 

5.  Maxilla. 

(>.  Mandibier  teeth. 

7.  Caudal  appendages  of  female. 

8.  Head,  labrum  etci  of  female. 


9.  Antenna  (2d)  of  female. 

10.  Foot  of  female. 

11.  Exterior  of  whole  animal  from  in  front. 

12.  Modified  (sexually)  foot  of  female. 

13.  End  of  process  of  same. 

14.  Magnified  spines  of  lateral  limbs  of  same. 

15.  Daphni  sp.  ? 

16.  Daphni  sp.  ? 
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